Effect of raw soybeans upon pancreatic function and performance of pigs by Hooks, Robert Dave
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1966
Effect of raw soybeans upon pancreatic function
and performance of pigs
Robert Dave Hooks
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Hooks, Robert Dave, "Effect of raw soybeans upon pancreatic function and performance of pigs " (1966). Retrospective Theses and
Dissertations. 3101.
https://lib.dr.iastate.edu/rtd/3101
This dissertation has been 
microfihned exactly as received ® 7-55 95 
HOOKS, Robert Dave, 1923-
EFFECT OF RAW SOYBEANS UPON PANCREATIC 
FUNCTION AND PERFORMANCE OF PIGS. 
Iowa State University of Science and Technology, 
Ph.D., 1966 
Agriculture, animal culture 
University Microfilms, Inc., Ann Arbor, Michigan 
EFFECT OF RAW SOYBEANS UPON PANCREATIC FUNCTION 
AND PERFORMANCE OF PIGS 
by 
Robert Dave Hooks 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Animal Nutrition 
Approved: 
earn of Ma^r Depar^ent 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1966 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
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Soybean meal if properly processed, is an excellent source of amino 
acids for swine, poultry and rats. Since Osborne and Mendel (1917) report­
ed the improved growth promoting property of cooked versus raw soybeans 
there has been a great deal of research in attempting to clarify some of 
the many questions raised by that observation. Raw soybean meal is well 
known for producing poor growth; however, the exact cause of this poor 
growth has continued to baffle the biochemist and nutritionist of today. 
In raw soybeans, a trypsin inhibitor, a toxic principle and an amino acid 
imbalance have been postulated. The feeding of unheated soybeans to chicks 
or rats markedly increases the size of the pancreas in relation to body 
weight. No other organs are histologically affected. At this stage, the 
concepts of the nutritional value of soybeans could be phrased into two 
interrelated statements: 1) raw soybeans contain a growth inhibitor(s) and 
2) the growth inhibitor(s) in raw soybeans is heat labile. The type of 
heat lability was recognized by Osborne and Mendel (1917) as being moist 
heat, for these authors reported that dry heating in an oven did not effect 
a destruction of the growth inhibitory properties. 
The purpose of this study was : 
1) To investigate the effect of diets containing raw soybeans 
as the supplemental protein source. 
2) To investigate methods of overcoming deleterious effects of 
raw soybeans other than conventional heat treatment. 
3) To investigate further the effects of raw soybean diets on 
pig performance, pancreatic enzyme concentration, histology 
of the pancreas and free amino acids of the blood plasma. 
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REVIEW OF LITERATURE 
Probably as many papers have appeared on the deleterious properties of 
the raw soybeans as have appeared on the nutritional advantages of the heat­
ed soybeans. By far the largest amount of work in this area has been done 
with chicks and rats. The other monogastric animals that have been studied 
are influenced by raw soybeans in a similar manner. Robison (1930) showed 
that pigs responded to raw and heated soybeans in a manner comparable to 
rats and chicks. He found that pigs fed raw soybean rations gained 0.36 
kg./day while pigs fed rations containing cooked soybeans gained 0.56 
kg./day. The latter pigs required 68 fewer days to reach a market weight 
of 90.8 kg. Becker et al., (1953) demonstrated with growing finishing 
swine that soybean residues which had been hexane extracted - partially 
toasted, hexane extracted - regularly toasted and trichloroethylene ex­
tracted - regularly toasted were superior in nutritive value to a soybean 
residue that had been hexane extracted - desolventized. 
Response of Animals to Methionine Supplementation of 
Rations Containing Solvent Soybean Meal 
The addition of methionine to rations containing heated soybeans has 
been reported to improve the weight gain, feed efficiency, and nitrogen 
retention of pigs. Hays e^ , (1959) demonstrated that supplemental 
DL-methionine added to a diet containing soybean meal significantly im­
proved rate of gain and feed efficiency as compared with gains and feed 
efficiency of baby pigs fed on a similar diet without added methionine. 
The methionine supplemented pigs showed apparent improvement in nitrogen 
retention and biological value at two weeks of age; however, this was not 
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evident at five weeks of age. Jimenez et_ al_., (1963) demonstrated with 
growing finishing swine that supplemental DL-methionine (0.25 percent) 
added to a diet containing cooked soybeans improved rate of gain as com­
pared to a similar diet with no added methionine. Maner e^ âi* j (1961) 
demonstrated with baby pigs that DL-methionine added to a basal soybean-
protein ration at levels of 0.23 and 0.45 percent, to provide a total of 
0.68 and 0.90 percent methionine-cystine, increased gain and the 0.45 per­
cent added methionine improved nitrogen retention and feed conversion when 
compared with the performance of pigs fed the basal diet. 
Effect of Age of Animals on the Response to Raw Soybean Diets 
The influence of age on the sensitivity of animals to the inhibitor(s) 
in raw soybean meal has been studied extensively in poultry. Bornstein 
and Lipstein (1963) working with two to twelve day old chicks demonstrated 
that weekly growth rate is adversely affected by improperly processed soy­
bean meals for a period of four to six weeks, depending on the criterion 
employed. Nevertheless their absolute body weights remained significantly 
lower up to twelve weeks of age as compared to chicks receiving properly 
toasted soybean meal. Chicks seven to eight weeks old appear as sensitive 
to the growth inhibitor(s) of improperly processed meals as do young 
chicks, however, this growth inhibition lasts only two to three weeks. 
Nevertheless, lower body weight, as compared to birds fed properly toasted 
soybean meal, is sustained for as long as four weeks. Under the condi­
tions of their study it appeared that age had no effect on the degree of 
sensitivity to the inhibitory properties of raw soybean meals, but in­
creasing age favored a more rapid process of adaptation. The older the 
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chicks were when fed the raw soybean ration the shorter the time before 
the proteolytic activity in their intestinal tracts became normal and the 
enlargement of their pancreas was reduced. Alumot and Nitsan (1961) 
studied the influence of a raw soybean diet on the chicks' intestinal pro­
teolysis in order to explain the growth retarding effect. In chicks up to 
three weeks old, intestinal proteolysis was almost completely inhibited. 
From the fourth week proteolysis increased, approaching the normal at six 
weeks. The presence or absence of antitryptic activity in the intestinal 
content was closely correlated with depressed or normal proteolytic activi­
ty. Hypertrophy of the pancreas developed in the raw soybean group. The 
authors postulated that this was due to an increased enzyme production to 
overcome the inhibitor(s). The authors concluded that the chick growth 
retardation by antitrypsin can be explained by the unavailability of pro­
tein especially in the first three weeks of age and an increased protein 
requirement by stimulated pancreas. Nitsan and Alumot (1964) stated that 
the ability of chicks to overcome the inhibition can be the result of 
several interacting factors: 1) the ability of the pancreas to grow 
rapidly and to secrete enzymes and 2) the ratio between the maximal amount 
of enzymes that can be secreted at a given age and 3) the amount of the in­
hibitor consumed with the feed. The different behavior of chicks at 
various ages may be a result of domination of one of the above factors. 
For instance, at three weeks of age the first reason may predominate: the 
pancreas is probably at its highest ability for growth and secretion. On 
the other hand in adult hens that do not develop hypertrophy of the 
pancreas (Saxena et^ ajL., 1963a), the amount of enzymes secreted by mature 
pancreas may be sufficient to counteract the antitrypsin present in the 
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feed. The reduced rate of fat absorption reported for chicks fed raw soy­
bean meal rations disappeared when the chicks were four weeks old. 
Brambila e^ al_., (1961) observed a greater depression of fat absorption in 
two week old chicks fed raw soybean meal than three week old chicks, and 
almost no effect in four week old chicks. 
Much of the work suggests that laying hens do equally well when fed 
either raw or heated soybean meal rations. Fisher et_ al., (1957) studied 
the utilization of raw soybean meal as the only source of dietary protein 
in laying hens in experiments of three and four weeks duration. It was 
shown that raw meal when fed at the 15 percent protein level and properly 
supplemented with methionine and vitamin B12 would support equally good 
egg production as properly heated meal under the same conditions. Carver 
cd., (1946) showed that hens fed raw soybean meal plus fishmeal and 
heat treated soybean meal plus fishmeal averaged 85.7 and 87.2 percent 
hatchability, respectively. Hens fed fishmeal alone had 85 percent hatch-
ability. Raw soybean meal fed at a 13 percent protein intake resulted in 
83 percent hatchability, whereas raw soybean meal at 16 percent protein 
yielded 70 percent hatchability. Saxena £t , (1963c) concluded that 
the eggs from hens fed raw soybean meal were of high albumin quality and 
yolk index, were not mottled, and were not significantly different from 
those laid by hens fed heat treated soybean meal. The hens fed raw meal 
produced eggs that had a greatly increased incidence of blood spots, par­
ticularly those over one-eighth inch in size. Hill and Renner (1963) pre­
sented work that showed raw meal caused a marked reduction in egg produc­
tion, due mainly to cessation of production in one-half of the hens. The 
authors suggest three possible explanations. First, it is possible that 
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the diets were more limiting in protein or methionine, and that the lower 
utilization of the unheated products produced a protein deficiency. 
Second, it is possible that the materials used in their studies contained 
a higher concentration of inhibitory substances. Finally, it may be that 
the relatively high level of fat in the diets was a determining factor, 
and the unheated products interfered with fat utilization as well as with 
utilization of nonfat constituents. Laying hens fed raw soybean meal 
rations for periods as long as 12 weeks showed no enlargement of the pan­
creas. The observations established the fact that the adult hen is quite 
resistant to the toxic factor(s) in raw soybeans. The reasons for this 
tolerance in the adult bird have not been explored. 
The Effect of Heat Treatment on the Nutritional Value of Soybeans 
Numerous experiments have shown that heat treatment improves the 
nutritional value of soybeans. However, there is no unanimity as to the 
quantitative effect of different heating conditions. Evans e_t al., (1947) 
found that soybean meals which had been autoclaved at temperatures between 
100° C. and 120° C. for 30 minutes were more completely digested by chick 
or by trypsin and erepsin in vitro than the raw meal or the meals which 
had been autoclaved at 130°C. using undigested total protein, or sulfur, 
cystine, or methionine in the undigested protein as criteria. Raw soybean 
meal was in most cases more readily digested by pepsin, trypsin and 
erepsin in vitro than the autoclaved meals. Of special interest is the 
relatively high percentage of cystine in the soybean meals that was not 
digested by the chick or by either of the iji vitro enzyme digestions. 
Westfall and Hauge (1948) found that autoclaving at 108° C. for 15 to 30 
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minutes produced a soybean flour of optimal protein efficiency for mice, 
while autoclaving at 120° C. for 5 or 10 minutes resulted in a slightly 
poorer product. Autoclaving for periods of over 10 minutes at 120°C. 
caused a progressive decrease in the protein efficiency of the flour. 
These authors suggested that the determination of the inhibitor potency of 
soybean products may be used as a practical index of the effectiveness 
of the heating to increase the protein quality, providing that the heating 
is not continued beyond the time required for the total destruction of the 
inhibitor. Bornstein e_t al., (1961) found that the manner and degree of 
processing soybean meals have a very pronounced and easily demonstrable 
effect on their nutritional value as a feed ingredient for chicks. These 
authors found that heating extracted soybean flakes under dry conditions 
may be adequate to drive off all the solvent, but it is insufficient to 
produce meals of maximal nutritional quality. Proper processing involves 
prolonged heating, after an initial high level of moisture has been ob­
tained. 
Carew and Nesheim (1962) reported the effect of pelleting on the 
nutritional value of ground soybeans for the chick. Their series of ex­
periments indicated that soybean oil in heat treated ground soybeans was 
made more available to the chick if the diets containing the ground soy­
beans were pelleted. Pelleting soybeans separately and regrinding them 
and mixing them in the diet improved fat absorbability only slightly. 
Growth rates of chicks fed diets containing ground soybeans were less than 
the growth rate of chicks fed similar diets containing free soybean oil 
and soybean meal, whether diets were pelleted or not. The heat created 
during pelleting of the diets was not sufficient to properly heat raw 
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soybeans for the chick. 
The Ratio of Raw to Heated Soybean Meal 
There has been some disagreement as to the effect of different ratios 
of raw and heated soybeans on the performance of animals. Saxena et al., 
(1962), using three week old chicks, fed three levels of protein; 15, 20 
and 25 percent, in which the soybean meal of the diet was varied from all 
raw to all heated meal in ratios of 100:0, 75:25, 50:50, 25:75 and 0:100. 
All diets contained adequate amounts of supplemental DL-methionine. Im­
provement of chick growth as a result of heat treatment of raw soybean meal 
was obtained at all levels of protein. Adding 20 percent isolated, auto-
claved soybean protein to a raw soybean meal diet containing 25 percent 
protein did not improve growth rate of chicks. Linerode et al., (1961) in 
a similar trial found that the isonitrogenous, isocaloric inclusion of raw 
ground soybeans into a corn-soybean meal diet produced a depression in 
growth in young turkeys which was linearly related to level of raw meal 
when plotted semi-logarithmically. Nesheim et ^., (1962) indicated that 
dietary raw soybean meal depressed fat absorption in chicks of two breeds 
at two weeks of age, but not at four weeks of age. Apparently fat absorp­
tion is affected by raw meal feeding rather than digestion since absorption 
of soybean oil or soybean fatty acids were equally affected. As little as 
five percent of protein from raw meal in a diet containing 25 percent of 
total crude protein was sufficient to cause nearly maximal depression of 
fat absorption. Changes in protein level of the diet could not influence 
fat absorption to the same extent as raw meal. It would appear that the 
toxic factor(s) in raw soybeans exerts an effect that is more or less 
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proportional to its concentration in the ration. 
Amino Acid Supplementation to Raw Soybean Meal 
Amino acid supplementation to raw soybean diets has centered around 
the observation originally made by Hayward et a^., (1936). These authors 
showed that 0.3 percent L-cystine added to a ration containing raw soy­
beans as its only protein source resulted in growth of rats approaching 
that of the animals fed the heated soybean ration. The fact that cystine 
supplemented the protein of the raw soybean suggests that cystine or its 
equivalent may exist in the raw protein of the soybean in a form which is 
not available to the animal. Since raw soybean protein supplemented with 
cystine had a nutritive value practically equal to the nutritive value of 
heated soybean protein, it appears that heating the soybean increased the 
availability of cystine. The additions of 0.3 percent L-cystine to diets 
containing raw soybeans practically doubled the nutritive value of the pro­
tein. The addition of 0.3 percent L-cystine to the heated soybean diet 
failed to improve performance. 
The observation that methionine and cystine, or both, added to a raw 
soybean ration increased the growth rate of rats and chicks has stood the 
test of time. Hayward and Hafner (1941) conducted parallel rat and chick 
studies to determine the effect of cystine and methionine supplementation 
on the nutritive value of raw and cooked soybeans. Both rats and chicks 
responded similarly to amino acid supplementation to comparable diets. 
The nutritive value of protein of raw soybeans was improved by the addi­
tion of 0.3 percent cystine but the nutritive value of protein of raw soy­
beans was improved more by the addition of 0.3 percent methionine. A 
11 
combination of both cystine and methionine (0.3 percent of each) resulted 
in no additional improvement in protein quality as compared to the supple­
mentation of cystine or methionine alone. Autoclaving the soybeans in­
creased the nutritional value of the protein fraction much in the same 
manner as did cystine and methionine supplementation to raw soybeans. 
Additions of either cystine, methionine, or a combination of the two amino 
acids to autoclaved soybeans stimulated a greater response from these ani­
mals as compared to similar diets with raw soybeans. These results suggest 
that the protein of the raw soybeans was deficient in available cystine 
and contained a suboptimal quantity of available methionine. Autoclaving 
probably made the cystine portion of the protein available although the im­
provement in protein quality by cooking was not completely explainable on 
the basis that the total cystine-methionine content of the soybeans was 
utilizable for growth purposes. Melnick ^  al., (1946) observed a slower 
release of methionine in the intestinal tract of rats fed raw as compared 
with those fed heated soybeans. The slower liberation of methionine was 
presumed to interfere with its efficient utilization. 
There is little agreement as to whether the absorption of the sulfur 
amino acids is influenced by heating soya protein. Johnson al., (1939) 
showed with sulfur metabolism studies on rats that the digestibility of 
the protein was approximately the same for the raw and heated soybean. 
The difference was in the availability of the products of protein diges­
tion. Less urinary sulfur was excreted on the heated soybean than on the 
raw, therefore more was retained. However, Kwong et al^., (1962), in fecal 
excretion studies with the rat, concluded that nitrogen and methionine are 
more poorly absorbed if unheated soyflakes are fed as compared with 
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absorption from soya products properly heat treated. The percentage 
absorption of nitrogen and methionine did not decrease with increasing 
levels of unheated soyflakes in the diet. These authors concluded that 
fecal losses of endogenous nitrogen and the limiting amino acid methionine 
does not account for the low nutritive value of unheated soybean products. 
In both of these studies inadequate attention has been given to the destruc­
tion and synthesis, or both, of amino acids that might occur as a result 
of microbial activity in the gastrointestinal tract. There is a possibili­
ty that the flora may be changed following the feeding of rations contain­
ing unheated soy proteins. 
Borchers (1958) presented data showing that weanling rats fed raw soy­
bean meal at the 40 percent level supplemented with methionine supported 
the same rate of gain as autoclaved soybean meal. However, Barnes et al., 
(1962) demonstrated that supplemental methionine added to diets containing 
50 percent unheated soyflakes increased maximal growth in young male rats 
as compared with similar diets containing 70 percent unheated soyflakes 
with supplemental methionine. It was suggested the high concentration of 
raw soybean meal (70 percent), contained the growth inhibitor in sufficient 
quantity to counteract any beneficial effects of the added methionine. 
Studies with radioisotopically labeled amino acids indicate a possi­
ble metabolic defect in rats fed unheated soybeans. One series of investi­
gators suggest that this primarily involves an abnormality in methionine 
metabolism. Another report suggests that the defect involves threonine 
and valine, not methionine. Kwong and Barnes (1963) fed male weanling rats 
a ration containing 50 percent unheated soyflakes. Two weeks later, the 
feed was removed and 18 hours thereafter DL-methionine-2-C^^ was given by 
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stomach tube. Radioactivity of expired CO2 indicated that 13.7 percent of 
the labeled methionine had been metabolized within 12 hours. Similar ex­
periments with a heated soybean ration indicated eight percent methionine 
was metabolized. The rate of methionine metabolism of rats fed the heated 
soybean ration could be increased to that of animals fed unheated soyflakes 
by addition of a trypsin inhibitor preparation. To obviate any differences 
that might exist in rates of absorption, similar studies were carried out 
with labeled methionine given by intraperitoneal injection. The experi­
ments produced results similar to those secured if the methionine was 
given by stomach tube. On this basis, it appeared that metabolic altera­
tions were responsible for the differences in CO2 expiration. These ob­
servations led the authors to suggest that the trypsin inhibitor in raw 
soybeans stimulated the conversion of methionine to cysteine. Evidence 
for this came from the observation that cystine added to the unheated soy­
bean ration prevented the increase in the production of labeled CO2 after 
labeled methionine was given. This conclusion may be open to question 
since conversion of methionine to cysteine does not necessarily involve 
complete degradation of the molecule (Meister, 1965). Barnes and Kwong 
(1965), to secure more direct evidence for the increased rate of conversion 
of methionine to cysteine by rats fed raw soybeans, conducted similar exper­
iments with L-methionineinjected intraperitoneally. A 15 percent 
casein ration was fed and the radioactivities of the intestinal contents, 
intentinal mucosa, liver, and plasma increased slightly by addition of the 
trypsin inhibitor to the ration. The pancreas contained a radioactivity 
from seven to ten times greater than that of the liver at its peak. The 
labeled methionine content increased in the pancreas if trypsin inhibitor 
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was administered two hours prior to the labeled methionine. Studies like 
these were also carried out with rats fed unheated soybeans. These studies 
indicated that about 70 percent of the labeled cysteine in the pancreas 
was in the form of protein. Barnes et al., (1965) reported that trypsin 
has a very high content of cystine (8.7 percent) and that this amino acid 
appears in large amounts in the feces of rats fed a ration containing un­
heated soybeans. Actually, one-half the cystine excreted by rats fed raw 
soybeans appeared to come from trypsin. It was on the basis of these ob­
servations that Barnes and Kwong (1965) suggested that the large conver­
sion of methionine to cystine in the pancreas of the rats fed raw soybeans 
resulted from increased production of trypsin. One problem about the pro­
posed explanation relates to the synthesis and/or activation of the enzymes 
involved in conversion of methionine to cystine. They should be function­
ing at an adequate level in the rats fed the heated soy ration. In these 
rats, it is difficult to understand why trypsin inhibitor should increase 
the activity of enzymes. The administration of trypsin inhibitor to a 
heated soybean ration two hours prior to dosing with labeled methionine re­
sulted in as much CO2 excretion as did feeding the unheated soybean diet. 
The increased production of labeled COg by these animals was apparent one 
hour after methionine administration. The studies of Barnes and Kwong 
(1965) suggested that the pancreas rapidly entrapped large amounts of the 
cysteine produced from the injected methionine, and with equal efficiency 
and speed incorporated this amino acid into protein. These findings fit 
in with the observed enlargement of the pancreas in rats fed a ration con­
taining the soybean trypsin inhibitor (Haines and Lyman, 1961). 
Borchers (1961) reported that supplemental methionine, valine and 
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threonine added to a raw soybean meal ration increased the growth rate of 
rats equal to that of the animals fed the heated soy ration. Borchers 
et al.. (1965) injected labeled amino acids intraperitoneally into rats 
fed rations containing 25 percent heated or raw soybean meal to try to get 
some insight into the mechanism whereby methionine, valine and threonine 
stimulated growth. The animals were permitted access to food until the 
time the amino acid was injected. No indication was given as to how long 
the weanling rats were fed the soy ration before injection. Methionine, 
cystine, leucine, arginine and phenylalanine, uniformly labeled in the 
carbon atoms were injected in separate experiments. The amount of labeled 
CO2 recovered in the expired COg was similar whether raw or heated soybean 
meal was fed. Similarly, labeled threonine or valine was injected; how­
ever, less labeled CO2 was expired during the first four hours by the rats 
fed raw soybean meal. During the subsequent four hours the reverse 
occurred, with animals fed the heated meal expiring less labeled COg than 
those fed the raw meal. 
The differences in results by Barnes and Kwong (1965) and by Borchers 
(1965) from injection of labeled methionine into rats fed unheated soybean 
ration might have been related to the fact that Barnes' and Kwong's (1965) 
animals were without food for 18 hours prior to injection of the labeled 
methionine whereas Borchers' (1965) animals had food and presumably ate 
until the time of injection. Observations of both groups suggest that 
some metabolic differences exist between rats fed unheated and heated soy 
rations. This hypothesis should provide an interesting start for a more 
complete study of the metabolic characteristics of these animals. 
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Proteolytic Activity Within the Intestinal Tract of 
Animals Fed Raw Soybean Diets 
A number of studies have been made of the proteolytic activity in the 
intestinal tracts of animals fed raw soybean rations. Haines and Lyman 
(1961) fed rats either heated soybean diets supplemented with soybean 
trypsin inhibitor or raw soybean diets having equivalent protein and 
trypsin inhibitor activity. Analysis of the intestinal contents revealed 
that rats fed soybean trypsin inhibitor or raw soybean maintained a high 
level of intestinal protease activity, yet the animals appeared to absorb 
less nitrogen than the other control rats. 
Lepkovsky et_ al., (1959) attempted to obtain some information on the 
amount of the proteolytic enzymes entering the duodenum of chicks by 
measuring the proteolytic enzymes in the feces. The feces contained an 
abundance of proteolytic activity which proved to be of pancreatic origin 
because it was almost entirely lacking if the pancreatic ducts were ligated. 
Different values for proteolytic activities were obtained from feces of 
chicks fed raw or heated soybean diets using casein or hemoglobin sub­
strates. On heated soybean diets, both methods gave concordant results. 
Both methods showed gradual decreases in the proteolytic activity of the 
chick as they grew older. Completely different results were obtained with 
the two methods on raw soybean diets. On changing from the heated to the 
raw soybean diet, the proteolytic activity of the feces decreased 82 per­
cent with the casein method but only by nine percent with the hemoglobin 
method. Far reaching changes must have occurred in the composition of the 
feces obtained from the chicks fed raw soybeans to cause such differences 
in the measurements that were obtained with these two proteolytic methods. 
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Any studies on the fecal digestive enzymes of chicks fed raw and heated 
soybean diets must be carried out with consideration of the methods used. 
Limited data indicate that intestinal bacteria do not contribute measurable 
amounts of proteolytic activity to the feces, however, these authors admit 
more work needs to be done to show the effect of intestinal bacteria on 
the proteolytic activity of the feces. In previous work, Alumot and 
Nitsan (1961), depression of intestinal proteolytis was observed in young 
chicks fed raw soybean diets. In more recent work, Nitsan and Alumot (1963) 
performed nitrogen balance studies on chicks one to seven weeks of age. 
These studies revealed smaller differences than expected in nitrogen re­
tention from raw and heated soybean diets. The differences, however, did 
not change with age and other parts of the intestinal tract, including the 
cecum, were therefore tested for proteolytic activity. High proteolytic 
activity was noted in ceca of chicks up to four weeks old fed heated and 
raw soybean diets. During the sixth week the enzyme activity decreased 
markedly with heated soybean and only a slight depression occurred with 
the raw soybean diet. It appeared that cecal proteolysis and subsequent 
nitrogen absorption compensated partly for inhibited proteolysis in the 
small intestine. 
One reason why this problem of proteolytic activity has received so 
much attention stems from the observation that animals fed raw soybean 
rations excrete a higher percentage of ingested nitrogen and sulfur, or 
both, in their feces than animals fed the heated soybean ration. This was 
demonstrated by Bouthilet et_ al_., (1950) who showed comparatively high 
values for both nitrogen and methionine in the feces of birds fed raw soy­
beans. The variation in the ratio of the percentage of unabsorbed 
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methionine to the percentage of unabsorbed nitrogen suggests the existence 
of a methionine containing substance which is concentrated in the feces of 
birds fed raw soybeans. 
If alterations in enzymatic activity within the intestinal tract were 
the primary factor responsible for the poor growth of animals fed raw soy­
beans, then this difficulty should be overcome by the use of amino acids 
in the ration instead of the intact protein. However, Hill et al^., (1953) 
observed that the addition of eleven amino acids required by chicks did 
not improve growth as long as the ration contained raw soybean meal. Re­
placement of the raw by heated soybean meal produced a marked increase in 
weight gains whether the amino acids were present or absent. 
If the inhibitor in soybeans combined with more than half the trypsin 
in the intestinal tract, the pancreas should be able to compensate for 
this by producing extra enzymes. The compensatory capacity of the pan­
creas was shown by Scow (1957) who removed 95 percent of pancreatic tissue 
from rats and observed normal intestinal absorption and nitrogen digestion. 
There is actually good reason to believe that the crude extract of 
raw soybeans, which has been equated by many investigators only with the 
trypsin inhibitor, should be fractionated as Liener and Pallansch (1952) 
attempted. It may be possible to secure pure compounds which duplicate 
the action of raw soybeans. 
Hypertrophy of the Pancreas 
Chernick et al., (1948) observed that the pancreas of birds fed a 
heated or a regular stock ration never exceeded 0.5 percent of their body 
weight, whereas this organ in birds fed a raw soybean ration approximated 
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one percent. There was no change in the concentration of the proteolytic 
enzymes in the pancreas of the birds fed raw soybeans, but because of the 
increased size the total activity was increased. Booth et al., (1960) 
observed a similar enlargement of the pancreas in rats fed raw soybeans. 
Other investigators, Saxena et al., (1963b), Nitsan and Alumot (1963), 
Nesheim et al., (1962) and Haines and Lyman (1961), all have suggested 
that raw soybean meal or fractions thereof produce pancreatic enlargement 
in chicks and rats. One group of investigators, Singh e^ al^., (1964) 
showed a similar enlarged pancreas in chicks fed raw soybeans. However, 
histological examination of the pancreas of the chicks showed about the 
same density of zymogen granules in the apex of acinar cells whether the 
birds were fed raw or cooked soybeans. Moreover, the acinar cells from 
birds on raw soybeans were not hypertrophied. Since the pancreas was 
large in size when raw soybeans were fed, the enlargement was concluded to 
be due to hyperplasia. 
Saxena et al., (1963a) observed pancreatic hypertrophy in all chicks 
fed raw soybeans up to 12 weeks of age when the experiment was terminated. 
The extent of hypertrophy was not as great in chicks 8, 10 and 12 weeks of 
age as it was in chicks 0, 2, 4 and 6 weeks of age. At 6, 8, 10 and 12 
weeks of age, chicks that had been fed raw soybean meal for the previous 
two weeks and had marked pancreatic hypertrophy, showed normal pancreatic 
weights within 72 hours after changing them to the heated soybean meal 
diet. Conversely, at 6 and 12 weeks of age, chicks that had been fed the 
heated soybean meal diet exhibited pancreatic hypertrophy within 72 hours 
after receiving the raw soybean meal diet. 
Although the addition of methionine to a raw soybean ration partially 
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overcame its growth inhibiting activity, this amino acid had no effect on 
the size of the pancreas in rats as reported by Haines and Lyman (1961); 
or on the size of the pancreas in chicks as reported by Chernick e^ al., 
(1948). 
Loss of Endogenous Nitrogen in Animals Fed Raw Soybean Diets 
The enlargement of the pancreas and its consequent increased produc­
tion of enzymes in animals fed a raw soybean ration suggested a substantial 
removal of endogenous nitrogen. Lyman (1957) observed that rats fed raw 
soybean diets had a higher concentration of net unabsorbed nitrogen in the 
intestine than did rats fed the heated soybean meal. The increased nitro­
gen in the intestine was accompanied by a correspondingly greater depletion 
of pancreas nitrogen. Soybean trypsin inhibitor at 0.5 percent of a heated 
soybean diet also increased the intestinal nitrogen. The elevated level 
of nitrogen could not be accounted for by the undigested inhibitor or by a 
failure of intestinal proteolysis. The nitrogen concentration remained 
high in the small intestine and cecum, but was reduced in the colon.' 
Amylase, trypsin and lipase activity remained increased throughout the in­
testinal tract of animals fed raw soybean, whereas rats fed the heated 
meal showed almost complete destruction of the enzymes in the cecum and 
colon. The author suggested that the high intestinal nitrogen originated 
from the stimulated pancreatic secretions. If one accepts the view that 
the soybean antitrypsin plays an important part in the growth depression 
in rats produced by unheated soybean protein, it would appear that any in­
hibiting action may be exerted through a loss of essential amino acids 
from endogenous sources rather than through depression of normal intestinal 
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protein hydrolysis. 
Kwong et al., (1962) doubt whether the endogenous loss of nitrogen 
accounts for the growth depressing effect of raw soybeans. This has been 
discussed in this review in an earlier section on amino acid supplementa­
tion. 
Hemagglutinin Factor in Raw Soybeans 
The hemagglutinin, besides the antitryptic factor, in raw soybeans 
has been implicated as a growth inhibitor. Work on the role that hemag­
glutinin might play in affecting the nutritive value of soybeans was 
initiated after an attempt was made to clarify the mechanism whereby the 
antitrypsin factor exerted its reported growth-inhibiting effect. Liener 
et al., (1949) conducted experiments involving measurement of the growth 
performance of rats to determine the effect of supplemental methionine to 
diets containing a soybean trypsin inhibitor concentrate and in which the 
sources of nitrogen were raw or autoclaved soybean protein, soybean protein 
hydrolysate, or casein. After the soybean hydrolysate or casein was fur­
nished in the diet, the depression in growth exerted by the trypsin in­
hibitor preparation was not related to interference with the availability 
of methionine for growth. The beneficial effect of methionine in this in­
stance could be completely accounted for by the fact that the hydrolysate 
and casein were deficient to some extent in this amino acid. With diets 
containing autoclaved soybean meal, the growth retarding action of the in­
hibitor was referable to interference with the availability of methionine 
for growth, as well as to the deficiency observed in the case of the hydro­
lysate and casein. These results may be explained by postulating a two 
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fold mode of action by active trypsin inhibitor preparations, one which re­
sults in an impairment of the availability of methionine for growth as a 
consequence of its antiproteolytic activity, and the other having an effect 
unrelated to the inhibition of proteolytis. The former can be demonstrated 
if the source of ingested nitrogen is an intact protein critically de­
ficient in methionine. The latter effect is independent of the nature and 
quality of ingested nitrogen. This work suggests the presence in soybeans 
of a substance other than the antitryptic factor which adversely affects 
growth. 
Liener (1951) injected a crude antitryptic preparation into rats to 
circumvent the action of this preparation on the enzymes in the gastroin­
testinal tract. All rats lost weight and died within 25 days. However, 
the injection of a crystalline trypsin inhibitor at an activity level twice 
that of the crude preparation had no effect on weight gain and produced no 
deaths. Additional fractionation of the soybean preparations indicated a 
number of differences between the antitryptic factor and the substances in 
the extracts which depressed growth after being injected into rats. 
Further investigation by Liener and Pallansch (1952) resulted in the 
isolation from raw soybean meal of a protein fraction which appeared 
homogeneous on electrophoresis. The protein was a very potent hemagglutin-
ating agent. The fraction was added to a ration containing autoclaved soy­
beans, the rats gained weight at a rate equal to 75 percent that of the 
rats fed the basal ration. As far as growth was concerned, the primary 
effect of the hemagglutinin appeared to be a depression of appetite. Al­
though this preparation readily agglutinated rabbit red blood cells, it 
had no effect on red blood cells from sheep and calves. 
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The hemagglutinating fraction was originally named soyin by Liener 
(1953). Later this fraction was called soybean hemogglutinin by Wada 
et al., (1958) since a proteolytic enzyme had been called soyin at an 
earlier date. 
Evidence that the hemagglutinin fraction may be responsible for only 
a small fraction of the growth depression seen in animals fed a raw soy­
bean ration came from work by Liener and Pallansch (1952). During the 
purification of the hemagglutinin fraction, there was no correlation be­
tween the toxicity of the fractions and their hemagglutinating activities. 
The progressive increase in hemagglutinating activity during the purifica­
tion procedure was associated with only a slight increase in toxicity. 
Liener (1958) also found that the activity of this protein was readily in­
activated by pepsin. Complete loss of hemagglutinating activity occurred 
when as few as 12 percent of the peptide bonds were split. This suggested 
that when raw soybeans were fed to animals, the hemagglutinating fraction 
in the beans should be either completely inactivated or largely so before 
the bean entered the intestine. 
Kunitz and McDonald (1948) isolated crystalline ricin from castor beans 
and found that its solubility resembled the theoretical solubility of a 
solid solution of two or more components. These authors suggested that 
despite the evidence for homogeneity of their crystals from physical and 
biological measurements, it was possible that the agglutinating properties 
of the preparation are due to one protein and the toxic properties to 
another. 
There is a possibility that the situation in soybeans may be similar 
to that in castor beans. Further work should be done on the soybean 
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hemagglutinating factor before a definite conclusion can be made as to 
whether that factor is responsible for a part of the toxicity of raw soy­
beans . 
The Action of Antibiotics on Raw Soybean Diets 
The addition of antibiotics to a ration containing raw soybeans or 
the unheated meal enhances its biological value. There is no agreement as 
to the level of antibiotic which produces this effect. Borchers e^ al., 
(1957) found that the addition of 0.1 percent procaine penicillin plus 0.1 
percent streptomycin sulfate resulted in approximately equal rates of 
gains by rats fed raw and autoclaved soybean meal. Braham et al., (1959) 
showed that high levels (1000 mg.kg.) of procaine penicillin, chlortetracy-
cline, novobiocin, zinc bacitracin, or streptomycin improved the growth of 
chicks fed raw soybean meal by an average of 31 to 51 percent. The growth 
response was lower, 4 to 14 percent, in those chicks fed heated soybean 
meal with the antibiotics. Growth on raw soybean meal plus antibiotics 
was, however, less than that on the heated meal. Braham et al., (1959) 
also showed that antibiotics stimulated the growth of rats fed raw soybean 
meal as the only protein source in the diet. The effect was most marked 
at a marginal level of methionine in the diet. Novobiocin was considerably 
less effective in the rat than in the chick. 
Carroll et al., (1952) worked on nitrogen absorption of rats fed raw 
and heated soybean meals, and on the growth stimulating effect of chlorte-
tracycline added to raw and heated soybean meals with and without added 
free methionine. Their results suggested that the degree of growth stimu­
lation with chlortetracycline feeding may be related to both the improved 
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digestibility of the ration protein and to the amino acid composition of 
the ration. The growth stimulating effect of chlortetracycline was greater 
with animals fed the less readily hydrolyzable raw soybean meal as the 
source of protein than with those fed the heated soybean meal; also, the 
effect was much greater with the animals fed the methionine deficient ra­
tions, both raw and heated, than with those fed the corresponding 
methionine - supplemented rations. The marked antibiotic stimulation of 
animals receiving raw soybean meal might be explained by a modification of 
the intestinal flora by the antibiotic in such a way as to permit absorp­
tion of amino acids from parts of the intestinal tract where bacterial 
activity is normally high. Carroll eit al^., (1953) fed adult male rats raw 
and properly heated soybean meal rations with no supplementation, with 
chlortetracycline, with methionine and with chlortetracycline and methio­
nine. Crystalline chlortetracycline hydrochloride and DL-methionine in 
rations were added at levels of 0.20 and 5.00 gm./kg., respectively. Re­
sults of these trials showed that chlortetracycline supplementation of raw 
and heated meal rations increased the amount of nitrogen absorbed from 
each ration during its passage through the small intestine. The addition 
of chlortetracycline did not significantly change the total absorption of 
nitrogen \from raw meal ration, but its addition to heated meal ration gave 
a small increase in total absorption of nitrogen. 
Other investigators have reported that low levels of antibiotics 
(0.02 percent) improve the growth rate (Barnes e^ al., 1965), or protein 
efficiency (Goldberg and Guggenheim, 1964). The level of raw soybeans in 
the rations may account for the differences in these observations. This 
was suggested by the report of Linerode et al., (1961) that turkey poults 
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showed no improvement in growth when high levels of antibiotics (0.1 per­
cent procaine penicillin plus 0.1 percent streptomycin sulfate) were added 
to a ration containing 68 percent raw soybeans. A slight improvement was 
seen in rations containing 38 percent raw soybeans. If the ration contain­
ed only 20 percent raw soybeans, the growth depression associated with the 
raw beans was largely overcome by antibiotics. 
An explanation for the growth promoting action of antibiotics added 
to raw soybean rations was proposed by Carroll et^ al•j (1953). It was ob­
served that there was twice as much cystine in the intestinal contents of 
rats fed raw soybean rations as in those fed the heated meal. The authors 
suggested that the excess cystine in the intestinal contents of rats fed 
raw soybeans was due to either poor absorption of this amino acid or the 
presence of cystine rich substances in the intestinal contents. The addi­
tion of chlortetracycline (0.2 percent) to the raw soybean ration increased 
the coefficient of cystine absorption from 21.2 percent in the control ani­
mals to 29.8 percent in the antibiotic supplemented animals. Though the 
antibiotic also increased the absorption of leucine, lysine, and methionine, 
the increase for cystine was proportionately much greater. The antibiotic 
presumably reduced bacterial destruction of cystine in the small intestine, 
thus making a larger amount available for absorption. In view of this 
work, Barnes et^ al•, (1965) studying the effect of penicillin added to an 
unheated soybean diet on cystine excretion in feces of the rat, suggested 
the following explanation. Cystine rich enzyme secretions of the pancreas, 
particularly trypsin and chymotrypsin, are produced in increased quantity 
after unheated soybeans are fed. Presumably this is due to the presence 
in the soybeans of trypsin inhibitor. Some of these enzymes are hydrolyzed 
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by bacterial protease, thus releasing cystine which can be absorbed and re-
utilized for pancreatic protein synthesis. Some part remains intact 
throughout its transport through the intestinal tract and the cystine con­
tained in this portion of the pancreatic secretions is not available for 
absorption and reutilization unless feces are ingested through coprophagy. 
Penicillin and other antibiotics help to keep the protein intact during 
its intestinal passage so that less of this pancreatic cystine is available 
for absorption. Again, coprophagy may make a large part of the fecal 
cystine available for protein synthesis. 
Recent work suggests that the growth promoting action of antibiotics 
added to raw soy rations may not be entirely related to a change in their 
influence on gastrointestinal flora. Goldberg and Guggenheim (1964) noted 
an effect of penicillin within one hour after its ingestion or parenteral 
injection. They fed 100 gm. rats 2.5 gm. of raw soybean flour by stomach 
tube and these animals compared with those given the heated flour, had re­
duced anxiolytic and tryptic activities in their pancreas and increased 
activity in their intestinal contents. These changes in enzyme levels were 
seen one hour after the soybean flour was given by stomach tube. The addi­
tion of 100 mg. of penicillin to the raw soybean flour prevented the 
enzyme depletion of the pancreas and kept the enzyme levels in the in­
testine close to those in the rats given heated soybean flour. The in­
creased proteolytic activity in the intestinal contents of rats given the 
raw soybean flour was associated with an increased concentration of free 
lysine and methionine. Despite the large amount of these amino acids in 
the intestine, their concentrations in portal blood were the same as those 
of rats fed heated soy flour. Penicillin given with the raw soy flour re­
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duced the concentrations of lysine and methionine in the intestinal con­
tents to the level of the rats given the heated flour. These authors 
postulated that antibiotics improved the biological value of raw soybean 
meal by some mechanism other than an alteration of the intestinal flora. 
They doubted that the changes in intestinal enzyme activity could occur in 
the hour following the administration of penicillin. This was especially 
true when the antibiotic was given intraperitoneally. The action of peni­
cillin and chlortetracycline was attributed to the inhibition of pancreatic 
secretion that results from the presence in the intestine of a heat labile 
factor in raw soybeans. 
The addition of antibiotics to rations containing raw soy products in­
creases the weight gains of rats and poultry. However, the mechanism 
whereby this effect is brought about is unknown. 
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SUMMARY 
Numerous factors probably account for the growth inhibition of raw 
soybeans fed to monogastric animals. These factors may differ in their 
stability to heat and storage, as well as the degree to which they are re­
moved with the oil during processing. Their concentration in the soybeans 
at the time of harvesting may be influenced by plant variety, climatic 
conditions during the growing season, or soil types. Some or all of these 
variables plus those associated with the experiment itself may explain the 
apparent discrepancies observed by different investigators when raw and 
heated soybean meals or crude antitryptic factors are incorporated in the 
rations fed their animals. 
Though there is considerable variability in the results of various 
experiments and the interpretation by different authors, some general con­
clusions can be drawn. 
Soybeans must be heated to inactivate factors which depress the growth 
of animals; however, a knowledge of the exact nature of the growth in­
hibiting mechanism has not yet been attained. 
Age has proven to be an important variable. Chicks under three weeks 
of age fed raw soybean meal have shown both diminished proteolysis and fat 
absorption, not characteristic of older birds and hens. It has been 
hypothesized that raw soybean meal contains a protein which young chicks 
are unable to digest completely because of lack of a specific enzyme or 
enzymes. Part of this protein may be absorbed and in turn interfere with 
the release of enzymes from the pancreas. The failure of enzyme release 
results in growth failure and pancreatic hypertrophy. Older birds are 
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able to hydrolyze the protein in raw meal and hence avoid the difficulties 
observed in young chicks. 
Studies on the effects of heat treatment suggest certain differences 
in heat sensibility of inhibitors in ground soybeans and in extracted 
flakes. A specific substance or substances, other than the growth in­
hibitor, interfering with fat utilization is more heat labile in flaked 
than in ground soybeans. Prolonged heating of ground soybeans does not 
impair utilization of non-fat constituents, whereas the same treatment of 
flakes results in a marked reduction in metabolizable energy. This may be 
the result of the protective action of soybean oil. 
The addition of protein or amino acids to chick diets of apparently 
optimal levels of protein (25 percent) from raw soybean protein does not 
overcome growth retardation. Supplementing a 15 percent raw soybean diet 
does improve growth. However, addition to the 25 percent protein diet of 
a larger quantity of an amino acid mixture than that effective at the 15 
percent level results in severe growth depression when added to raw or to 
heated soybeans. 
Experimental results have indicated that raw soybean meal depresses 
fat absorption in chicks at two weeks of age but not at four weeks of age. 
Apparently fat absorption rather than digestion is affected by the raw 
meal since absorption of soybean oil or fatty acids of soybean oil are 
equally affected. There is evidence, though, that free fatty acids are 
poorly utilized even in the absence of raw soybeans. 
The addition of specific amino acids to rat diets containing raw soy­
beans corrects poor growth and increases feed efficiency but does not pre­
vent pancreatic hypertrophy. It has been hypothesized that decreased 
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growth rate and protein efficiency in rats fed raw soybean diets is due 
to direct stimulation of the pancreas resulting in excessive loss in the 
feces of critical amino acids contained in pancreatic enzymes. This ex­
planation is in contrast to the suggestion that substances from raw soy­
beans inhibit pancreatic excretion and thereby cause an accumulation of 
pro-enzymes and hypertrophy of the gland. 
From studies on the relationship of pancreatic enzyme secretion and 
growth inhibition in rats fed soybean inhibitors, it has been hypothesized 
that growth depression results from a combination of restricted food intake 
and the effects of inhibitors, which act, not by inhibiting protein hydro­
lysis, but by stimulating the pancreas to secrete large quantities of 
enzyme protein which are ultimately lost to the animal. This effect 
creates partial deficiencies of the most growth limiting amino acids in 
the soybean protein. 
Numerous papers have appeared in the literature concerning the harm­
ful effects of raw soybean diets on chicks and rats. However, very little 
research has been conducted on the overall effect of raw soybean diets on 
performance of swine. Reports have indicated that raw soybean diets pro­
duce poor growth and poor feed efficiency in swine. This author has not 
found any reports in the literature of the effect of raw soybean diets on 
the performance of swine of varying ages or physiological maturity, the 
enzyme activity of the pancreas or intestinal contents, or hypertrophy of 
the pancreas. Data on the supplemental effects of amino acids or anti­
biotics to pigs fed raw soybean diets is also lacking. 
The purpose of the experiments reported in this dissertation were to 
study the effect of age of pigs on the response to raw soybeans, the effect 
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of raw soybeans on enzyme activity and the effect of antibiotic supplements 




The data from the series of experiments which comprise this disserta­
tion are on file in the Animal Science Department of the Iowa Agricultural 
and Home Economics Experiment Station under the title of Swine Nutrition 
Experiments 6405, 6406, 6418, 6437, 6508, 6509, 6510, 6519, 6524, 6530, 
6613, 6614, 6615 and 6616. 
Three species of animals were used in the various experiments. The 
baby pig and the growing-finishing swine were used in most of the experi­
ments. For specie comparison baby chicks and male weanling rats were fed 
diets similar or identical to those used in the pig experiments. 
The common procedures employed in the various experiments were as 
follows. All pigs were obtained from the Swine Nutrition experimental herd 
and were either crossbred pigs of Landrace, Yorkshire and Poland China 
breeding or purebred pigs of Landrace breeding. Within 24 hours after 
birth each pig was individually weighed and ear marked, eye teeth were 
clipped and pigs were injected subcutaneously with 100 milligrams of iron 
as iron-dextrin. The male pigs were castrated at approximately one week 
of age and all experimental pigs were weaned between 14 and 20 days of age. 
At approximately seven weeks of age each pig received an injection of modi­
fied hog cholera virus and antiserum. The animals were sprayed periodically 
with Toxaphene or lindane to control mange. 
The male weanling white albino rats were obtained from Holtzman Com­
pany, Madison, Wisconsin. 
The day old broiler type male chicks were obtained from DeKalb Agri­
cultural Association, Roland, Iowa. 
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The composition and calculated analysis of the basal rations are pre­
sented in Tables 1, 2, 3, 4 and 5 in the Appendix. Differences from the 
basal rations will be explained in the discussion of each experiment. 
Analytical Methods 
Lipase activity of pancreatic tissue was determined by the method of 
Balls et , (1938) using tributyrin as a substrate. To prepare a sample 
for analysis one gram of wet pancreatic tissue was homogenized in a Potter-
Elvehjem tissue grinder for two minutes with four times its weight of 0.2 
percent NaCl solution. The tissue grinder was kept in an ice bath at all 
times. Activity was determined on the original homogenate after one day 
storage at 5° C. One ml. of the homogenate was used per assay and dupli­
cate determinations were made per sample of tissue. 
The contents of the small intestine were stripped and strained through 
eight layers of cheesecloth. Assay for lipase activity was determined us­
ing one ml. of the strained solution and using the procedure of Balls e^ 
al., (1938). 
Proteolytic activity of pancreatic tissue was determined by the casein 
digestion method of Kunitz (1947). Two ml. of the pancreatic homogenate 
were mixed with 22 ml. of distilled water and 1 ml. of enterokinase solu­
tion (1 mg. of enterokinase per ml.). The pH was adjusted to 5.6 + 0.1 
using 2 to 3 drops of 0.1 N HCl, Proteolytic determinations were made 
after holding the enterokinase homogenate mixture at 5° C. for one day. 
One ml. of this solution was diluted to 5 ml. with a phosphate buffer of 
pH 7.6 to give a dilution factor of 250. The dilution factor was varied 
to have the concentration within range of the standard curve. One ml. of 
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the final dilution was used per assay and duplicate determinations were 
made per sample of tissue. Trypsin 2X crystalline (salt free) from the 
Nutritional Biochamical Corporation, Cleveland, Ohio, was used as a 
standard. 
One ml. of the strained intestinal solution was used to determine pro­
teolytic activity. For the concentration of the sample to fall within the 
linear portion of the standard curve it was necessary to dilute the sample 
using a phosphate buffer of pH 7.6. 
Urease activity was determined by the method of Smith et_ a^., (1956) 
on the solvent soybean meal and raw soybean meal used in experiments 6509, 
6510 and 6613 through 6616. 
The blood samples for experiment 6530 were obtained from the anterior 
vena cava after the pigs had been on experimental treatment for two weeks. 
A 10 percent sodium citrate solution (Hewitt, 1932) was used as an anti­
coagulant. Blood samples were placed in centrifuge tubes which contained 
0.1 ml. of the sodium citrate solution and centrifuged immediately at 
2500 r. p. m. for 10 minutes. 
Two ml. of the plasma were transferred into large centrifuge tubes, 
deproteinized by the addition of 10 ml. of a three percent sulfosalicylic 
acid solution (Hamilton, 1962) and then centrifuged at 3,000 r. p. m. for 
10 to 15 minutes. When the protein free plasma could not be prepared on 
the same day collected, it was transferred to polyethylene bottles and 
stored at -17° C. until processed. 
Ten ml. of the deproteinized plasma were transferred to an evaporat­
ing flask. To this flask was added one-half ml. of norleucine (standard 
solution) which was used as an internal standard. This solution was 
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neutralized to pH 7.0 (Hydrion paper) by the addition of 2 N NaOH and 
allowed to stand at room temperature for four hours, these conditions con­
verted cysteine to cystine (Stein and Moore, 1954). This solution was 
concentrated to near dryness under vacuum using a rotary evaporator at 55° C. 
This concentrate was diluted to 5 ml. with 0.02 N HCl. The pH of this 
solution was approximately 2 (Hydrion paper). The samples were then stored 
in polyethylene bottles at -17° C. until analyzed. One ml. of the solution 
was analyzed by ion exchange chromatography as described by Moore and 
Stein (1954), but employing the Technicon Autoanalyzer and using a nine 
chambered autograd for gradient elution of the amino acids with the modi­
fications as recommended by Hamilton (1962). Integration constants were 
determined for each amino acid from a standard micromole amino acid solu­
tion to calculate the amino acid concentrations in blood plasma samples. 
The transfer of blood plasma samples from evaporating flask to volumetric 
flask could result in a slight loss of amino acids. Final concentrations 
of amino acids were adjusted for recovery by using the nor leucine internal 
standard as a correction factor. 
Tryptophan was not observed in the eluates as would be expected in 
view of the rate of destruction reported for this amino acid (Stein and 
Moore, 1954) in this analytical procedure and in view of the low plasma 
concentration observed in most species (0.60 to 0.88 mg. per 100 ml.). 
Tryptophan was determined by the method of Hess and Udenfriend (1959) with 
modifications as follows: the proteins were precipitated with eight per­
cent trichloracetic acid and the benzene extraction was not performed. 
Fluorescence was measured by a G. K. Turner model 110 photofluorometer at 
440 millimicrons. 
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For the digestibility studies in experiment 6418 both feed and fecal 
samples were analyzed for fat by Goldfisch Fat Extractor for four to five 
hours at 34 to 35° C. Feed samples were analyzed in triplicate and fecal 
samples were analyzed in duplicate. The ether-extracted sample of each ex­
perimental treatment was analyzed for nitrogen by micro-Kieldahl determina­
tion as reported in the Association of Official Agricultural Chemists 
(1950). Chromic oxide content of the feed and fecal samples were analyzed 
by the simplified method of Kimura and Miller (1957). Apparent digesti­
bilities of the feed nutrients for the experimental ration were calculated 
by the formula: 
Apparent Digestibility (%) = 
100 - ( 100 ^  indicator in feed ^ % nutrient in feces ^ 
% indicator in feces % nutrient in feed 
The above calculations for apparent digestibility of nutrients were 
described by Maynard and Loosli (1956) and Young (1961). The digestibility 
for dry matter was calculated from the percent of the indicator in the feed 
to that in the feces, then the whole quantity subtracted from 100. 
Experiments 6405 and 6437. The Effect of Raw Soybeans on 
Pancreatic Enzyme Concentration and Performance of Growing Pigs 
Objective 
Two trials were designed to study the effect of raw soybeans and sol­
vent soybean meal on pancreatic enzyme concentrations and performance of 
growing pigs. Lepkovsky et £l., (1965) reported that in chicks fed raw 
soybean diets the pancreas responded by immediately increasing the secre­
tions of pancreatic juice and hypertrophy was accompanied by an increase 
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in the concentration of the proteases in the pancreas. Lyman and Lepkov-
sky (1957) investigated the influence of raw soybeans on pancreatic enzyme 
secretion in the small intestine of the rat. Results showed that intesti­
nal amylase and lipase activity increased immediately after ingestion of a 
diet containing 50 percent raw soybean meal. The enhanced intestinal 
enzyme activity was accompanied by a concomitant depletion of pancreatic 
enzymes. 
It was the purpose of this experiment to study the effects of raw 
soybean meal on proteolytic and lipolytic activities of the pancreas and 
intestinal contents, hypertrophy of the pancreas and the percent of nitro­
gen in the pancreas of growing pigs. 
Experimental procedure 
In trial 6405, 48 crossbred pigs averaging 26.2 kg. body weight and 
82.5 days of age were allotted to a randomized block design with a fac­
torial arrangement of four treatments including 16 or 20 percent protein 
in diets including raw soybeans (RSB) or 44 percent protein solvent soy­
bean meal (SSBM). Pigs were assigned at random to treatments from outcome 
groups of initial weight. Pigs were individually fed twice daily. Two 
pigs were fed from the same feed container thus feed conversion represents 
the average for two pigs for 42 days. Composition of the basal rations 
are presented in Table 1 in the Appendix. Refined soybean oil was added 
to the treatments containing solvent soybean meal to equalize the fat 
content of the diets. 
At the close of the experiment two pigs from each treatment were 
randomly selected and sacrificed and the pancreas removed. Intestinal 
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contents were also collected. Nitrogen contents of pancreas and trypsin 
and lipase activity of pancreas and intestinal contents were measured. 
In trial 6437, 16 crossbred pigs averaging 19.0 kg. body weight and 
53.6 days of age were allotted to a randomized block design with ration 
treatments the same as in the previous trial. Pigs were assigned at ran­
dom from outcome groups of initial weight to the treatments with two 
replications of two pigs per pen for each treatment. Pigs were allowed 
feed and water ad libitum for an experimental period of 42 days. At the 
close of the experiment the 16 pigs were sacrificed and data were collect­
ed as in trial 6405. 
Results 
The summaries of the results, analysis of variance plans and observed 
mean squares are presented in Tables 6 through 12 in the Appendix. 
Gains and feed efficiency were significantly higher for those pigs 
fed solvent soybean meal (SSBM) diets as compared with those pigs fed raw 
soybeans (RSB) diets. Gains were not significantly affected by the two 
levels of protein (16 versus 20 percent), however, there was a significant 
response in feed efficiency favoring the 20 percent protein diet over the 
16 percent protein diet. The average gain for those pigs fed SSBM diets 
was 30.0 kg. as compared with 25.0 kg. for the RSB-fed pigs. The average 
feed per unit of gain for those pigs fed SSBM diets was 2.5 as compared 
with 3.1 for the RSB-fed pigs (Table 6). 
Weights of pancreas (gm. per kg. body weight, Table 9) were similar 
for the pigs fed SSBM or RSB diets. The average for those pigs fed SSBM 
diets was 1.6 as compared with the average of 1.5 for those pigs fed RSB. 
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Proteolytic activity of pancreatic tissue and intestinal fluid from 
pigs fed SSBM or RSB was not significantly different. The average pro­
teolytic activity of the pancreas for those pigs fed SSBM (mg. activity 
per gm. of wet tissue, Table 9) was 6.3 as compared with 10.2 for those 
pigs fed RSB. The higher value of 10.2 was due to the extreme proteolytic 
activity in the pancreas of two pigs on the 16 percent RSB diet. In other 
pigs fed RSB the enzyme levels were similar to that of pigs fed SSBM. The 
assay for proteolytic activity of the pancreas of the two pigs was repeated 
six times and each time an unusually high value was obtained. No explana­
tion can be given for the abnormally high values. The average proteolytic 
activity of the intestinal fluid for those pigs fed SSBM (mg. activity per 
ml. of intestinal fluid, Table 9) was 1.3 as compared with 0.9 for those 
pigs fed RSB. 
The nitrogen content of the pancreas was significantly higher for 
those pigs fed SSBM. The average nitrogen content of the pancreas for the 
pigs fed SSBM (percent wet tissue, Table 11) was 3.1 as compared with the 
average of 2.7 for those fed RSB. 
Lipase activity of pancreatic tissue and intestinal fluid of pigs fed 
the two sources of protein was not significantly different. The average 
lipase activity of the pancreas for those pigs fed SSBM (expressed as 
milliequivalents potassium hydroxide neutralized per gm. of wet tissue. 
Table 11) was 59.3 as compared with 56.9 for those pigs fed RSB. The 
average lipase activity of the intestinal fluid for SSBM-fed pigs (milli­
equivalents potassium hydroxide neutralized per ml. of intestinal fluid, 
Table 11) was 4.0 as compared with 3.6 for RSB-fed pigs. 
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Experiment 6406. The Effect of Raw Soybeans on Pancreatic 
Enzyme Concentration and Performance of Baby Pigs 
Objective 
In an earlier section of the literature review on the effect of age 
of animals on the response to raw soybean diets it was stated that older 
birds and hens were able to overcome the adverse effects of raw soybean 
diets. Chicks under three weeks of age fed raw soybean diets showed a de­
crease in growth rate and a decrease in proteolysis. Older birds and hens 
had the ability to adapt to raw soybean diets and hypertrophy of the pan­
creas was not evident. 
In the previous experiment with growing swine 17 weeks of age, hyper­
trophy of the pancreas and diminished proteolysis was not evident in those 
pigs fed raw soybean diets. 
It was the purpose of this experiment to study the effects of raw 
soybean diets on younger pigs. The experiment was designed to study the 
effects of raw soybeans on the proteolytic and lipolytic activities of the 
pancreas and intestinal contents, hypertrophy of the pancreas and the per­
cent of nitrogen in the pancreas of baby pigs. 
Experimental procedure 
Thirty-two crossbred pigs averaging 4.7 kg. body weight and 15.2 days 
of age were allotted to a randomized block design with a factorial arrange­
ment of four treatments including 20 or 25 percent protein in diets con­
taining raw soybeans (RSB) or 44 percent solvent soybean meal (SSBM) . 
Pigs were assigned at random from outcome groups of initial weight to the 
four treatments with two replications of four pigs per pen for each 
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treatment. Pigs were allowed feed and water ad libitum. Composition of 
the basal rations are presented in Table 1 in the Appendix. Refined soy­
bean oil was added to the treatments containing solvent soybean meal to 
equalize the fat content of the diets. The pigs were on experiment for 42 
days. 
At the close of the experiment two pigs from each treatment were ran­
domly selected and sacrificed and the pancreas removed. Intestinal con­
tents were also collected. Nitrogen contents of the pancreas and trypsin 
and lipase activity of pancreas and intestinal contents were measured. 
Results 
Summaries of the results, analysis of variance plans and observed 
mean squares are presented in Tables 13 through 19 in the Appendix. 
Gains and feed efficiency were significantly higher for those pigs 
fed SSBM. Gains or feed efficiency were not significantly affected by the 
two levels of protein (20 versus 25 percent). The average gain for the 
SSBM-fed pigs was 16.1 kg. as compared with the average of 4.8 kg. for the 
RSB-fed pigs. The average feed per unit of gain for SSBM-fed pigs was 1.7 
and for RSB-fed pigs 3.7 (Table 13). 
Weights of pancreas (gm. per kg. body weight, Table 16) were signifi­
cantly higher for those pigs fed SSBM. The average for those pigs fed 
SSBM was 2.1 as compared with 1.7 for pigs fed RSB. 
Proteolytic activity of pancreatic tissue and intestinal fluid from 
pigs fed SSBM or RSB was not significantly different. The average proteo­
lytic activity of the pancreas of pigs fed SSBM (mg. activity per gm. of 
wet tissue. Table 16) was 3.5 compared with 3.3 for pigs fed RSB. The 
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average proteolytic activity of the intestinal fluid for those pigs fed 
SSBM (mg. activity per ml. of intestinal fluid, Table 16) was 0.5 com­
pared with 0.3 for those pigs fed RSB. 
The nitrogen content of the pancreas was significantly higher for 
those pigs fed SSBM. The average nitrogen content of the pancreas for 
those pigs fed SSBM (percent wet tissue, Table 18) was 3.1 as compared 
with the average of 2.5 for those pigs fed RSB. 
Lipase activity of pancreatic tissue and intestinal fluid was sig­
nificantly higher for those pigs fed SSBM as compared with that of the 
pigs fed RSB. The average lipase activity of the pancreas for those pigs 
fed SSBM (milliequivalents potassium hydroxide neutralized per gm. of wet 
tissue. Table 18) was 48.4 compared with the average of 28.0 for those 
pigs fed RSB. The average lipase activity of the intestinal fluid for 
SSBM fed pigs (milliequivalents potassium hydroxide neutralized per ml. of 
intestinal fluid. Table 18) was 2.9 as compared with 1.0 for pigs fed RSB. 
Experiment 6418. Digestibility Studies on Baby Pigs 
Fed Raw Soybeans or Solvent Soybean Meal 
Objective 
This experiment was designed to study the effect of raw soybeans and 
solvent soybean meal on the digestibility of the ration nutrients by baby 
pigs. Lepkovsky et al., (1965) observed a decrease in the absorption of 
nitrogen from the small intestine of chickens given raw soybean diets. 
Nesheim e^ al., (1962) indicated that dietary raw soybean meal depressed 
fat absorption in chicks of two breeds at two weeks of age but not at four 
weeks of age. This experiment was conducted to study the apparent protein 
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and fat digestibility by baby pigs fed properly toasted or unheated soy­
bean meal. 
Experimental procedure 
Forty crossbred boar pigs averaging 5.4 kg. body weight and 19.4 days 
of age were used in a randomized block design of five treatments including 
20 percent protein in diets containing raw soybeans (RSB) or 44 percent 
solvent soybean meal (SSBM). The diets were varied from all raw to all 
heated soybean meal in ratios of 100:0, 75:25, 50:50, 25:75 and 0:100. 
Pigs were assigned at random from outcome groups of initial weight to the 
five treatments with two replications of four pigs per pen for each treat­
ment. Pigs were allowed feed and water ad libitum. Composition of the 
basal rations are presented in Table 20 in the Appendix. Refined soybean 
oil was added to the diets containing solvent soybean meal to equalize 
the fat content of the diets. The pigs were on experiment for 25 days. 
Digestibility of nutrients were estimated by the chromic oxide marker 
system. 
Results 
Summaries of the results, analysis of variance plans and observed 
mean squares are presented in Tables 22 through 26 in the Appendix. 
There was a highly significant decrease in gains and feed efficiency 
with increasing proportions of protein from RSB. There was also a highly 
significant decrease in apparent protein digestibility with increasing 
proportions of protein from RSB; however, there was no significant differ­
ences among the five ration treatments in the apparent digestibility of 
fat. Both protein and fat are expressed as apparent digestibility as no 
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attempts were made to account for endogenous excretions. 
Experiment 6508. Histological Studies on Pancreas of Growing 
Pigs Fed Raw Soybeans or Solvent Soybean Meal 
Objective 
This experiment was designed to compare the effects of raw soybeans 
or solvent soybean meal on the pancreas of growing pigs. It has been well 
established that the feeding of raw soybean diets causes hypertrophy of 
the pancreas in chicks and rats. However, from data presented in experi­
ments 6405, 6406 and 6437, the hypertrophy was not evident in the pig. 
It was the purpose of this study to histologically evaluate pancreatic 
tissue to determine if changes occur similar to those reported for the 
chick and rat even though no gross changes in weight of pancreas or enzyme 
content of pancreatic tissue occur. 
Experimental procedure 
Eight crossbred pigs averaging 17.7 kg. body weight and 56 days of 
age were allotted at random from outcome groups of initial weight within 
litters into two pens of four pigs each. One pen was fed a diet contain­
ing raw soybeans and the other pen was fed a solvent soybean meal diet. 
The diets contained 16 percent protein and pigs were allowed feed and water 
ad libitum. Composition of the basal rations are presented in Table 1 in 
the Appendix. Refined soybean oil was added to the solvent soybean meal 
diets to equalize the fat content of the diets. After 28 days on experi­
ment the pigs were sacrificed. The pancreas was removed and histological 
tissue slides were prepared using a hematoxylin and eosin stain. Each 
tissue slide was examined for zymogen content of the acinar cells, 
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distortion and density in the cell structure, and distortion and cell 
density in the islets of Langerhans. 
Results 
The results of this experiment are presented in Tables 27 and 28 in 
the Appendix. There were no marked differences in zymogen content, cell 
structure or islets of Langerhans between those pigs fed raw soybean or 
solvent soybean meal diets. In those pigs fed raw soybean diets there was 
no indication of hypertrophy of the pancreas noted in the prepared slides 
or measured by weight of pancreas in proportion to body weight. Figure 1 
presents photographs of pancreatic tissue. 
Experiment 6509. The Effect of Pelleting Raw Soybeans 
on the Performance of Growing Pigs 
Objective 
It has been well established that moist heating of raw soybeans in­
creases the nutritive value of the bean. Carew and Nesheim (1962) report­
ed that the pelleting of ground soybeans increased the nutritional value 
for chicks. This experiment was conducted to determine if pelleting of 
the beans by conventional pelleting procedure would be sufficient heat 
treatment to improve the nutritional value of the bean. 
Experimental procedure 
Thirty-two crossbred pigs averaging 20.0 kg. body weight and 59.1 
days of age were allotted to a randomized block design of four treatments. 
Pigs were assigned at random from outcome groups of initial weight to the 
four treatments with two replications of four pigs per pen for each 
Figure 1. Experiment 6508. Tissue section of pancreas of pigs fed raw soybean or solvent soybean 
meal diets. Magnification 500 X. 
Solvent Soybean Meal 
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treatment. Pigs were allowed feed and water ad libitum. Composition of 
the basal rations are presented in Table 29 in the Appendix. All diets 
contained 15 percent protein with the supplemental protein being provided 
by either raw soybeans (RSB) or 44 percent solvent soybean meal (SSBM) . 
Solvent soybean meal was used in treatment one and refined soybean oil was 
added to equalize the fat content to that of the raw diets. The whole raw 
soybean was ground and used in treatment two. In treatment three the 
whole raw soybean was pelleted then ground and added to the diet. In 
treatment four the whole raw soybean was ground, pelleted and reground and 
added to the diet. The pigs were on experiment for 42 days. Urease 
activity in the raw soybeans and the solvent soybean meal was determined. 
Results 
Summaries of the results, analysis of variance plans and observed mean 
squares are presented in Tables 30 through 32 in the Appendix. 
Gains were significantly higher for those pigs fed SSBM as compared 
with those pigs fed the RSB diets. Gains were also significantly higher 
for those pigs fed the ground whole raw soybean diet as compared with those 
pigs fed diets that had been pelleted. Feed efficiency was significantly 
higher for those pigs fed SSBM as compared with those pigs fed the RSB 
diets. 
A low urease activity in soybean products is an indication that the 
raw soybean meal has been properly heat treated to destroy the inhibitor 
factor(s). The diet containing SSBM had a low urease activity while the 
three diets containing RSB had a high urease activity (Table 30). 
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Experiment 6510. The Effect of Pelleting Raw 
Soybeans on the Performance of Baby Pigs 
Objective 
This experiment was similar to experiment 6509 except that baby pigs 
were used and the ration treatments were 20 percent protein. The purpose 
of the experiment was to determine if pelleting methods improved the 
nutritive value of soybeans for young pigs. 
Experimental procedure 
Thirty-two crossbred pigs averaging 4.7 kg. body weight and 23.1 days 
of age were allotted and handled as in experiment 6509. Composition of 
the basal rations are presented in Table 33 in the Appendix. The pigs 
were on experiment for 42 days. Urease activity in the raw soybeans and 
the solvent soybean meal was determined. 
Results 
Summaries of the results, analysis of variance plans and observed mean 
squares are presented in Tables 34 through 36 in the Appendix. 
Gains were significantly higher for those pigs fed SSBM as compared 
with those pigs fed the RSB diets. Gains were not significant for those 
pigs fed the ground whole raw soybean diet as compared with those pigs fed 
the pelleted diets. There was no significant increase in feed efficiency 
between the four ration treatments. The same SSBM, ground RSB and pelleted 
RSB were used in this experiment as in experiment 6509. The urease activi­
ty values will be found in Table 30 listed under experiment 6509. 
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Experiments 6519 and 6614. Amino Acid Supplementation 
of Baby Pig Diets Containing Raw Soybeans and 
its Effect on Baby Pig Performance 
Objective 
Borchers (1961) fed weanling rats diets containing raw soybean meal 
as the sole source of amino acids and found that this diet supported a 
growth rate less than that observed with the use of heated soybean meal. 
Supplementing the diet containing raw soybean meal with methionine, threo­
nine, and valine resulted in an increased growth rate. Booth et al., 
(1960) reported that the addition of four amino acids to raw soybean diets 
corrected poor growth and improved feed efficiency but did not prevent 
pancreatic hypertrophy in rats. Fisher and Johnson (1958) reported that 
a supplement of 14 amino acids was effective in overcoming the growth de­
pressing effect of raw soybean meal in chick rations. 
It was the purpose of these two trials to study the effect of adding 
amino acids to raw soybean and solvent soybean meal diets on the growth and 
feed efficiency of baby pigs. 
Experimental procedure 
In trial 6519, 72 crossbred pigs averaging 5.0 kg. body weight and 19 
days of age were allotted to a randomized block design of six treatments. 
The diets contained 20 percent protein from raw soybeans (RSB) or 44 per­
cent solvent soybean meal (SSBM). Pigs were assigned at random from out­
come groups of initial weight to the six treatments with three replications 
of four pigs per pen for each treatment. Pigs were allowed feed and water 
ad libitum for an experimental period of 28 days. Composition of the diets 
containing SSBM (treatment 1) and RSB (treatment 4) are presented in 
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Table 1 in the Appendix listed under experiment 6519 and 6614. Treatments 
two and five were similar to treatments one and four except 0.4 percent 
DL-methionine was added. Treatments three and six were similar to treat­
ments one and four except 0.4 percent DL-methionine, 0.4 percent DL-valine 
and 0.4 percent DL-threonine were added. Amino acids were substituted for 
sucrose. Diammonium citrate was added if necessary to make all diets iso-
nitrogenous. Unrefined soybean oil was added to diets containing SSBM to 
equalize the fat content to that of RSB diets. 
Trial 6614 was handled exactly as trial 6519 except that the 72 
crossbred pigs averaged 4.3 kg. body weight and 20 days of age at the 
start of the experiment. In trial 6614 urease activity in the raw soybeans 
and the solvent soybean meal was determined. 
Results 
Summaries of the results, analysis of variance plans and observed 
mean squares are presented in Tables 37 through 39 in the Appendix. 
Gains were significantly higher for those pigs fed SSBM as compared 
with pigs fed RSB. The addition of 0.4 percent methionine to SSBM diets 
and the addition of the combination of 0.4 percent methionine, 0.4 percent 
valine and 0.4 percent threonine to SSBM diets tended to decrease gains as 
compared with the SSBM control diet. The decrease in gains for these two 
diets were not significant. The addition of the amino acids to the RSB 
diet fed to pigs tended to increase gain, however, these increases in gains 
were not significant (Table 37). 
Feed efficiency was significantly higher for those pigs fed SSBM as 
compared with pigs fed RSB. The addition of 0.4 percent methionine to 
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both the SSBM and RSB control diets tended to increase feed efficiency-
The apparent improvement for methionine was not significant. However, the 
addition of the combination of 0.4 percent methionine, 0.4 percent valine 
and 0.4 percent threonine (Table 37) significantly increased feed required 
per unit of gain and this was most marked on the raw soybean diets. 
The diets containing SSBM analyzed low in urease activity. This is 
an indication that the meal had been heated sufficiently to destroy the 
inhibitor factors. Diets containing RSB analyzed high in urease activity 
(Table 40) verifying that the meal had not been heated. 
Experiment 6530. Free Amino Acid Pattern in Blood Plasma of 
Baby Pigs Fed Solvent Soybean Meal or Raw Soybean Diets 
Objective 
It has been well established and reported in the literature review 
that methionine and cystine, or both, added to a raw soybean ration will 
increase the growth rate of chicks and rats. There is, however, no agree­
ment among investigators as to whether the addition of other amino acids 
will make the protein in raw soybeans equivalent biologically to that in 
the heated beans. Many investigators have fed heated soybean meal to ani­
mals and studied the free amino acids in the blood plasma, but there are 
no reports of this type of work being done with raw soybeans. It was the 
purpose of this experiment to study the free amino acids in blood plasma 
of baby pigs fed raw soybean diets and to compare the patterns observed 




Six crossbred pigs averaging 5.5 kg. body weight and 18 days of age 
were allotted at random from littermate pairs to the two diet treatments. 
The pigs were group fed a starter ration for three days and then placed in 
individual pens. The pigs were fed a 20 percent protein diet of which the 
supplemental protein was from raw soybeans (RSB) or 44 percent solvent 
soybean meal for a period of two weeks. Pigs were allowed feed and water 
ad libitum. The composition of the basal diets are presented in Table 1. 
Unrefined soybean oil was used to equalize the fat content of the diets. 
At the end of two weeks the daily feed consumption of each pig was deter­
mined. Blood samples were taken from each pig at the end of the two week 
feeding period (ad libitum). Pigs were then fasted for 15 hours and blood 
samples were taken from each pig (0 hours). A known amount of a test 
ration was fed to each pig for 30 minutes. Blood samples were taken from 
each pig at 3, 5, 9 and 12 hours after the test meal. 
The two rations were analyzed for amino acid composition. One gm. of 
feed was hydrolyzed with 50 ml. of 6N HCl for 72 hours using a reflux con­
denser. The hydrolysate was filtered to remove the humin. The filtrate 
was diluted to approximately 0.2 mg. of crude protein equivalent per ml. 
and analyzed by ion exchange chromatography. Duplicate samples of each 
ration were analyzed. Tryptophan was not observed due to its destruction 
during acid hydrolysis. 
Results 
Summaries of the results are presented in Tables 41 through 43. As 
would be expected the two week gain and two week feed intake was greater 
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for those pigs fed SSBM. The test meal intake was also greater for those 
pigs fed SSBM. These data are presented in Table 41. The one fault of 
this experiment is the unequal intake of the test meal diet. An attempt 
should have been made to limit the feed of those pigs fed SSBM to equal 
the intake of those pigs fed RSB diets. 
The level of free amino acids in plasma of pigs allowed feed ad libi­
tum (A.L.) was markedly higher in those pigs fed the SSBM diets as compared 
with pigs fed the diets containing RSB. In those pigs fed SSBM, the levels 
of total amino acids declined from 68 mg./lOO ml. of plasma to 43 mg./lOO 
ml. of plasma following the 15 hour fast, whereas, pigs fed RSB diets had 
total amino acid levels of only 53 mg./lOO ml. of plasma and declined only 
slightly to 50 mg./lOO ml. of plasma following the 15 hour fast. 
By three hours post feeding, the plasma amino acid levels of pigs fed 
SSBM had increased sharply and were declining at six hours post feeding. 
The plasma amino acid levels of pigs fed RSB continued to decline at three 
hours post feeding. The total essential amino acids followed a pattern 
similar to that of the total amino acids. 
In most cases at the start of the fasting period (A.L.) the plasma 
amino acid levels of pigs fed SSBM were at a higher level than that of pigs 
fed RSB, except for arginine, ornithine, taurine, glutamic acid and lysine. 
By 12 hours the plasma amino acid levels in SSBM-fed pigs had declined 
to levels similar to those of RSB-fed pigs. Exceptions to this were: 
Threonine, the trend may have changed completely in another three hours; 
glutamic acid, the plasma amino acid levels were higher at all times for 
those pigs fed RSB; and aspartic acid, the plasma amino acid levels were 
higher at all times for those pigs fed SSBM. 
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The level of methionine present in plasma of pigs fed SSBM or RSB 
diets was similar during fasting and post feeding to 12 hours. This was 
almost a straight line. 
The pattern of aspartic acid present in plasma of pigs fed SSBM and 
RSB was similar to the levels of methionine except that the level in plasma 
of RSB-fed pigs was slightly lower at all times. 
Figure 2 presents the changes occurring in concentration of the total 
amino acids and essential amino acids on fasting and at various time in­
tervals post feeding. The levels were markedly higher for these pigs re­
ceiving SSBM in the A.L. feeding period (68 versus 53 mg./lOO ml. of 
plasma) and the response to fasting or feeding was greater than in the 
animals fed RSB. 
Table 43 presents the amino acid composition of the acid hydrolyzed 
feed samples. 
Experiments 6524 and 6616. Amino Acid Supplementation of 
Rat Diets and its Effect on Rat Performance 
Objective 
Experiments 6519 and 6614 demonstrated that the addition of amino 
acids to raw soybean diets of baby pigs did not increase gains significant­
ly over performance of pigs fed the control raw soybean diet. This is in 
contrast with the research reported in chicks and rats. Borchers (1961) 
and Booth et al., (1960) reported that amino acid supplementation to raw 
soybean diets corrected poor growth and reduced feed efficiency. Fisher 
and Johnson (1958) reported that amino acid supplementation was effective 
in overcoming the growth depressing effect of raw soybeans in chick 
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rations. Booth et al., (1960) also reported that amino acid supplementa­
tion to raw soybean diets did not prevent pancreatic hypertrophy in rats. 
These experiments were conducted to study the effect of adding amino acids 
to raw soybean and solvent soybean meal diets on the growth and feed effi­
ciency of rats. It was also the purpose of these experiments to study 
histologically the effects of raw soybeans on the pancreatic tissue of rats. 
Experimental procedure 
In trial 5524, 50 Albino rats averaging 58.0 gm. body weight and 
approximately 22 days of age were allotted to six treatments in a random­
ized block design. Rats were assigned at random to the six treatments 
with ten replications of one rat per cage for each treatment. Rats were 
allowed feed and water ad libitum for an experimental period of 28 days. 
The six ration treatments were the same as those used in experiments 6519 
and 6614; and included control diets containing either raw soybeans or 44 
percent soybean meal and similar diets supplemented with methionine or a 
combination of methionine, valine and threonine. At the end of the ex­
periment five replications of rats were randomly selected for sacrifice. 
The pancreas was removed and the total pancreas weight was compared to the 
total body weight. Histological tissue slides of the pancreas were pre­
pared using a hematoxylin and eosin stain and each tissue slide was ex­
amined for zymogen content of the acinar cells, distortion and density in 
the cell structure, and distortion and cell density in the islets of 
Langerhans. 
Trial 6616 was handled exactly as trial 6524 except that the 60 
Albino rats averaged 47.4 gm. body weight and approximately 22 days of age 
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at the start of the trial. Histological tissue slides were not prepared 
in this trial. In trial 6616 urease activity was determined on the raw 
soybean and the solvent soybean meal used in this study. 
Results 
Summaries of the results, analysis of variance plans and observed 
mean squares are presented in Tables 44 through 50 in the Appendix. 
Gains were significantly greater for those rats fed SSBM diets as 
compared with rats fed RSB diets. Amino acid supplementation to control 
diets produced gains in rats that were significantly higher as compared 
with those rats fed the control diets. Amino acid supplementation to RSB 
diets produced a greater increase in gains in rats than did amino acid 
supplementation to SSBM diets. 
Significantly less feed was required per unit of gain in those rats 
fed SSBM diets as compared with that of rats fed RSB. Supplementation 
with 0.4 percent methionine or the combination of 0.4 percent methionine, 
0.4 percent valine and 0.4 percent threonine to both SSBM and RSB diets 
fed to rats produced a highly significant increase in feed efficiency as 
compared to the feed efficiency of rats fed the control SSBM and RSB diets. 
The RSB diets resulted in a significant hypertrophy of the pancreas 
as compared with the SSBM fed rats. The supplementation with 0.4 percent 
methionine or supplementation with 0.4 percent methionine, 0.4 percent 
valine and 0.4 percent threonine to rats fed the RSB diets resulted in a 
slight decrease in hypertrophy over those rats fed the control RSB diet; 
however, this decrease was not significant. The supplementation with the 
same amino acids at the same levels to SSBM diets also resulted in a 
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reduction in pancreas size as compared with pancreas of rats on the con­
trol SSBM diet. 
Examination of the pancreatic tissue slides in trial 6524 indicated 
there were no marked differences in zymogen content, cell structure or 
islets of Langerhans between those rats fed SSBM or RSB diets with or with­
out amino acid supplementation (Table 50). Figure 3 presents example 
photographs of pancreatic tissue. 
The soybean products used in trial 5616 were the same as in trial 
6614. The urease activity values for SSBM and RSB are presented in Table 
40. 
Experiment 6615. Effect of Amino Acid Supplementation of 
Raw Soybean Diets on Chick Performance 
Objective 
Experiments 6524 and 6616 showed that amino acid supplementation of 
raw soybean diets for rats increased gains and feed efficiency as compared 
with rats fed the control RSB diets. Experiments 6519 and 6614 showed 
that the amino acid supplements of similar diets did not increase gains or 
feed efficiency in baby pigs. It was the purpose of this experiment to 
study the effect of supplementary amino acids in raw soybean and solvent 
soybean meal diets on the growth, feed efficiency and pancreatic develop­
ment of chicks. 
Experimental procedure 
Three hundred broiler type baby chicks averaging 37.2 grams body 
weight and three days of age were allotted to a randomized block design. 
The chicks were housed in a temperature controlled battery room that had 
Figure 3. Experiment 6524. Tissue section of pancreas of rats fed raw soybean or solvent soybean 
meal diets. Magnification 500 X. 
Raw Soybean Solvent Soybean Meal 
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not been used for chicks previously. Thinking that there is probably more 
variability in temperature between tiers within a five tier battery than 
between the three batteries within the room, the two pens within a tier 
for each of the three batteries were combined for blocking purposes. The 
five replications of the randomized block design then consisted of the 
five tiers. The chicks were randomly assigned to the pens. 
The six treatments included the two sources of supplementary protein 
(solvent soybean meal or raw soybean meal) each supplemented with no amino 
acids, with 0.4 percent DL-methionine or with 0.4 percent each of DL-
methionine, Dl-valine and DL-threonine. 
Amino acids were added at the expense of sucrose and diammonium 
citrate was used to make the diets isonitrogenous. Refined soybean oil 
was added to diets containing SSBM to equalize the fat content to that of 
the RSB diets. At the end of the experiment two chicks were randomly se­
lected from each pen for sacrifice. The pancreas was removed and the total 
pancreas weight was compared to the total body weight. 
Urease activity was determined on the soybean products used in the 
diets. 
Results 
Summaries of the results, analysis of variance plans and observed mean 
squares are presented in Table 51 through 55 in the Appendix. 
Gains were significantly higher for those chicks fed SSBM diets as 
compared with chicks fed RSB diets. Supplementation of RSB diets with 0.4 
percent methionine or with a combination of 0.4 percent methionine, 0.4 
percent valine and 0.4 percent threonine produced highly significant 
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increases in weight gains as compared with gains of chicks fed the RSB con­
trol diet. Supplementation of SSBM diets with the same amino acids did 
not increase gains over that of chicks fed the SSBM control diet. 
Significantly less feed per unit of gain was required by the chicks 
fed SSBM as compared with those fed RSB diets. Supplementation with 0.4 
percent methionine or the combination of 0.4 percent methionine, 0.4 per­
cent valine and 0.4 percent threonine increased the efficiency of chicks 
fed the RSB diets but did not improve the efficiency of chicks fed the 
SSBM diets. 
RSB diets significantly increased the weight of the pancreas. Amino 
acid supplementation of the RSB diets significantly decreased the hyper­
trophy of the pancreas as compared with those chicks fed the control RSB 
diet. However, amino acid supplementation of the SSBM diets had no effect 
on the weight of the pancreas. 
The soybean products used in this experiment were the same_as those 
used in experiment 6614. The urease activity values for SSBM and RSB are 
presented in Table 40. 
Experiment 6613. Effect of Dietary Amino Acid Supplements 
on the Performance of Growing Pigs 
Objective 
Experiments 6519 and 6614 showed that supplementation of RSB diets 
with 0.4 percent methionine increased gains of baby pigs as compared with 
the performance of pigs fed the control RSB diet. However, the increase 
in gain was not significant. Experiments 6405 and 6437 showed that the 
raw soybean meal did not depress the performance of pigs weighing 15 to 
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20 kg. as markedly as it did baby pigs (experiment 6406). This experiment 
was conducted to study the effect of supplementary amino acids to RSB and 
SSBM diets on growth and feed efficiency of growing pigs. 
Experimental procedure 
-Seventy-two crossbred pigs averaging 19.6 kg. body weight and 69 days 
of age were allotted to a randomized block design of six treatments in­
cluding supplementary protein from raw soybeans (RSB) or 44 percent sol­
vent soybean meal (SSBM) in combination with 0, 0.2 or 0.4 percent supple­
mentary methionine. Pigs were assigned at random from outcome groups of 
initial weight to three replications of four pigs per pen. Pigs were 
allowed feed and water ad libitum for an experimental period of 42 days. 
Composition of the control diets are presented in Table 1 in the Appendix. 
Amino acids were substituted for sucrose and diammonium citrate was added 
so that all diets would be isonitrogenous. Refined soybean oil was added 
to diets containing SSBM to equalize the fat content to that of the RSB 
diets. 
Soybean products used in this experiment were the same as in experi­
ment 6614. Urease activity values for SSBM and RSB are presented in 
Table 40. 
Results 
Summaries of the results, analysis of variance plans and observed mean 
squares are presented in Tables 56 through 58 in the Appendix. 
Gains were significantly greater for those pigs fed SSBM as compared 
with the gains of pigs fed RSB. Pigs fed diets supplemented with 0.2 or 
0.4 percent DL-methionine grew slower than did the pigs fed the respective 
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SSBM or RSB control diets; however, the difference in gains was not sig­
nificant . 
Significantly less feed per unit of gain was required by the pigs fed 
SSBM as compared with those pigs fed RSB diets. Supplementation with 0.2 
or 0.4 percent DL-methionine tended to increase feed efficiency over the 
respective SSBM or control diets; however, the increase in feed efficiency 




The rations for ail experiments were basically the same. A corn-
soybean ration was used with the soya protein coming from 44 percent pro­
tein solvent soybean meal (SSBM) or raw soybeans (RSB). In the earlier 
experiments with baby pigs dried whey and sucrose were included in the ra­
tions. Dried whey and sucrose was also included in the diets of the older 
pigs. Whey or sucrose does not appreciably improve the performance of 
older pigs; however, it was decided that diets for all experiments should 
have the same basic composition. By using the same diet, differences 
occurring in the response of baby pigs and older pigs to raw soybeans could 
not be attributed to changes in diet. 
In some experiments the protein level was varied within the trial by 
varying the level of corn and soybean meal or raw soybeans. 
The diets containing 20 percent protein were also used in the chick 
and rat experiments. It was also realized that the lactose from the whey 
was not necessarily advantageous for rats or chicks; however, to have a 
valid comparison between species it was necessary to continue with the same 
basic composition. 
Soybean oil was added to the experimental diets containing solvent 
soybean meal to equalize the fat content to that of the raw soybean diets. 
Solvent Soybean Meal versus Raw Soybean Meal 
Research work by other investigators has shown that the performance 
of animals fed SSBM diets far exceeds the performance of animals fed RSB 
diets. Results of the studies reported herein with pigs, chicks and rats 
69 
agree with the observations of others in that there are inhibitory factors 
in RSB that causes poor performance when fed to animals. In all experi­
ments but one gains and feed efficiency were significantly greater for pigs, 
chicks and rats fed SSBM diets as compared with gains of those fed RSB 
diets. 
In experiments 6405 and 6437 with growing pigs, two levels of protein 
were fed (16 or 20 percent). No significant differences resulted in gains 
between the two levels of protein; however, there was a significant improve­
ment in feed efficiency favoring the 20 percent protein ration over the 16 
percent protein ration. With baby pigs, levels of 20 and 25 percent pro­
tein were compared (experiment 6406). There were no significant differ­
ences in gains or feed efficiency between the two levels of protein. 
These experiments illustrated that the growing pig utilizes raw soy­
beans more efficiently than does the baby pig. Growing pigs, 15 to 20 kg. 
body weight, started on RSB diets gained weight although gains were reduced. 
Two to three week old pigs started on RSB diets lost weight during the 
first two weeks but most of the pigs started to gain after two weeks. How­
ever, the gains were markedly reduced. The gains of baby pigs (15 days of 
age initially) fed 20 or 25 percent protein diets containing RSB averaged 
4.8 kg. as compared with 16.1 kg. for those pigs fed SSBM. Feed required 
per unit of gain averaged 3.7 for RSB-fed pigs as compared with 1.7 for 
those pigs fed SSBM. These figures illustrate that gains were reduced 
approximately 70 percent and feed required per unit of gain was increased 
approximately 118 percent if baby pigs were fed RSB diets. Whereas the 
gains of older pigs (68 days of age initially) fed 16 or 20 percent pro­
tein RSB diets averaged 25.0 kg. as compared with 30.0 kg. for those pigs 
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fed SSBM. Feed required per unit of gain averaged 3.1 for RSB-fed pigs as 
compared with 2.5 for pigs fed SSBM. Gains for older pigs were reduced 
approximately 17 percent and feed required per unit of gain was increased 
approximately 24 percent if pigs were fed RSB diets as compared with SSBM 
diets. Similar observations have been reported for chickens in that older 
birds more efficiently utilize RSB diets than do day old chicks. 
Research by other investigators with chicks (Hayward and Hafner, 
1941) and rats (Borchers, 1961) has demonstrated that the addition of 
amino acids to RSB diets is effective in overcoming the growth depressing 
properties of RSB. Borchers (1961) reported that the addition of a com­
bination of 0.6 percent DL-methionine, 0.6 percent DL-threonine and 0.5 
percent DL-valine to RSB diets increased the growth rate of rats equal to 
that of rats fed SSBM diets. The results of the experiments reported here­
in confirm this observation. The addition of 0.4 percent DL-methionine or 
the addition of a combination of 0.4 percent each of DL-methionine, DL-
valine and DL-threonine to RSB diets (20 percent protein) resulted in gains 
and feed efficiencies comparable to the control SSBM diet. The rats fed 
the control RSB diet had an average gain of 154 gm. as compared with an 
average gain of 190 gm. for those rats fed the RSB diets supplemented with 
DL-methionine or with the combination of the three amino acids. Supple­
mental amino acids improved the performance of rats fed the diets contain­
ing SSBM only slightly. The average gain for rats fed the control SSBM 
diet was 189 gm. The addition of 0.4 percent DL-methionine to the SSBM 
diet increased gains over the control diet by 2.6 percent and decreased 
feed required per unit of gain by 3.1 percent. The addition of the three 
amino acids increased gains over the control SSBM diet by 5.3 percent and 
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reduced feed required per unit of gain by 5.1 percent. Rats fed RSB diets 
supplemented with amino acids gained 23 percent more on 11 percent less 
feed than did rats fed the control RSB. Supplemental DL-methionine im­
proved the performance of rats fed a diet containing RSB, but the addition 
of DL-valine and DL-threonine to the DL-methionine supplemented diet had 
little or no beneficial effect. 
Hayward and Hafner (1941) demonstrated in chicks that the nutritive 
value of protein of raw soybeans was improved by the addition of 0.3 per­
cent DL-methionine. Results of experiments reported herein showed that 
the addition of 0.4 percent DL-methionine or the combination of DL-methion-
ine, DL-valine and DL-threonine at 0.4 percent each to RSB diets (20 per­
cent protein) produced a highly significant increase in gains in chicks 
over the control diet; however, these gains did not equal the gains made 
by chicks on the SSBM diets with or without amino acid supplementation. 
Chicks fed the control RSB diet gained 294 gm. whereas those chicks fed 
the 0.4 percent DL-methionine supplemental diet gained 469 gm. and those 
fed the diet supplemented with three amino acids gained 477 gm. Chicks 
fed the control SSBM diet gained 612 gm. as compared with 604 gm. for the 
methionine supplemented diet and 611 gm. for the diet with the three amino 
acids added. The addition of DL-methionine to a RSB diet improved the 
performance of chicks; however, the addition of DL-valine and DL-threonine 
to the DL-methionine supplemented diet had little beneficial effect. Feed 
efficiency was significantly improved for those chicks fed SSBM diets. 
Amino acid supplementation to RSB diets increased feed efficiency over the 
control RSB diet; however, feed efficiency did not equal that of chicks 
fed SSBM. 
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In contrast to the rat and chick research reported herein, the addi­
tion of the same amino acids at the same levels to RSB diets fed to baby 
pigs increased gains only slightly as compared with gains by pigs fed the 
RSB control diet (experiments 6519 and 5614). The increased gains were 
not significant and did not approach the gains of those pigs fed SSBM diets 
with or without added amino acids. The pigs fed the control RSB diets (20 
percent protein) gained only 2.2 kg. whereas those pigs fed the RSB diets 
supplemented with DL-methionine or the combination of three amino acids 
gained 3.2 and 2.5 kg., respectively. Addition of amino acids to diets 
containing SSBM did not improve the performance of pigs. Those pigs fed 
the SSBM diet gained 8.6 kg. whereas the pigs fed the SSBM diets supple­
mented with DL-methionine or the combination of the three amino acids 
gained 8.2 and 8.0 kg. respectively. Feed efficiency was significantly 
greater for those pigs fed SSBM diets. The average feed per unit of gain 
for those pigs fed RSB diets was 4.7 and the addition of 0.4 percent DL-
methionine to the control diet resulted in an average feed per unit of 
gain of 3.4. However, the addition of the three amino acids to the RSB 
diet resulted in an average feed per unit of gain of 5.5. A similar 
pattern was observed in feed per unit of gain for SSBM-fed pigs. The 
average feed per unit of gain for the control SSBM diet was 1.7. A de­
crease in feed per unit of gain to 1.6 was noted in the SSBM diet with the 
addition of 0.4 percent DL-methionine. The additions of the three amino 
acids resulted in an increase feed per unit of gain to 1.8. 
As stated earlier the growing pig utilizes RSB diets more efficiently 
than does the baby pig. The addition of 0.4 percent DL-methionine to RSB 
diets fed to baby pigs increased gains slightly as compared with the RSB 
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control diet. However, the addition of 0.2 or 0.4 percent DL-methionine 
to SSBM or RSB diets (experiment 6613) resulted in a decrease in gains. 
Pigs fed the control SSBM diet gained 36.8 kg. whereas the pigs fed the 
SSBM diets supplemented with 0.2 or 0.4 percent DL-methionine gained 36.0 
and 35.3 kg. respectively. Pigs fed the control RSB diet gained 31.3 kg. 
whereas the pigs fed the RSB diets supplemented with 0.2 or 0.4 percent 
DL-methionine gained 29.9 and 30.1 kg. respectively. Although the addition 
of DL-methionine to RSB diets fed to baby pigs improved performance slight­
ly, the addition of DL-methionine to RSB diets fed to growing pigs decreas­
ed performance. 
Pancreatic Changes 
Previous studies with rats (Booth et al., 1960; Haines and Lyman, 
1961) and with chicks (Chernick et al., 1948; Nesheim et al., 1962; Saxena 
et al., 1963b) have shown that the feeding of raw soybean diets results in 
an increase in the size of the pancreatic tissue relative to body weight. 
This increase in size of pancreas has been attributed to either a hyper­
trophy, enlargement of cells, or to a hyperplasia, the formation and growth 
of new cells. The results of the experiments reported herein confirm the 
observations with chicks and rats in that the pancreatic weights relative 
to body weights were markedly increased. However, the RSB diets did not 
increase the weights of pancreas in pigs. Growth depression from RSB diets 
were noted in all three species and similar diets were used for all species. 
Alumot and Nitsan (1961) had proposed that the hypertrophy in chicks 
is due to a blockage of the enzyme excretions by the pancreas resulting in 
a build up of pro-enzyme concentration. The pancreatic tissue from pigs 
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in these studies was assayed for trypsin activity after activating the 
tripsinogen and also histological slides were stained for zymogen content. 
There was no evidence of an increased enzyme concentration which would be 
suggestive of an inhibition of pancreatic secretions. In fact the level 
of proteolytic enzymes in the tissue of pigs fed RSB was in general lower 
than that of pigs fed SSBM. This would suggest that RSB had no effect on 
increased pancreatic excretions rather than decrease excretion as suggested 
by Alumot and Nitsan (1961). There was no evidence of histological dis­
tortion or dearrangement of the acinar cells in pig pancreas as was sug­
gested by Saxena e^ al., (1963b) for the chick and by Booth e^ al., (I960) 
for the rat. 
Haines and Lyman (1961) working with rats and Chernick e^ al^., (1948) 
with chicks reported that the addition of DL-methionine to RSB diets 
counteracted the growth depressing effect but had no effect on hypertrophy 
of the pancreas. The results of the experiments reported herein confirm 
the observations with rats in that the addition of amino acids to RSB 
diets did not reduce hypertrophy of the pancreas. The pancreas weights 
for those rats fed the control RSB diet were 0.67 gm. per 100 gm. body 
weight. The addition of 0.4 percent DL-methionine to the RSB diet did not 
affect pancreas size as compared with the control RSB diet. The pancreas 
weights for the supplemented group were 0.67 gm. per 100 gm. body weight. 
The pancreas weights for those rats fed a combination of 0.4 percent each 
of DL-methionine, DL-valine and DL-threonine added to a RSB diet were 0.65 
gm. per 100 gm. body weight. The average pancreas weights for rats fed 
SSBM control diets were 0.46 gm. per 100 gm. body weight. The addition of 
DL-methionine or the addition of the three amino acids to the SSBM diets 
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resulted in similar weights of 0.41 and 0.40 gm. per 100 gm. body weight. 
Although these values are lower than for the control SSBM diet, the 
values were not significantly different. 
The addition of amino acids to RSB diets significantly reduced hyper­
trophy of the pancreas in chicks. There was approximately a 17 percent 
reduction in pancreas size as compared with the control RSB-fed chicks; 
however, the pancreas was still approximately twice the size of the pan­
creas of those chicks fed SSBM diets with or without the addition of 
amino acids. 
Singh e^ al.5 (1964) reported that the increase in pancreas size in 
chicks fed RSB diets was caused by hyperplasia, the formation and growth 
of new cells. Evidence reported by other investigators strongly suggest 
that the increase in pancreas due to RSB diets is hypertrophy, an enlarge­
ment of pancreatic cells. 
Digestibility Studies 
The inhibition of growth by raw soybeans was long attributed, in part 
at least, to the antitryptic factor through its inhibitory effects on the 
digestive processes. Recently researchers have questioned this as being 
the major factor causing poor performance. However, the results of ex­
periment 6418 would support the conclusion that reduced digestibility is 
a major contributing factor. Protein digestibility decreased as increas­
ing amounts of the protein was supplied by RSB. 
Though Nesheim et al., (1962) reported that RSB inhibited fat utili­
zation in young chicks, the results of these studies (experiment 6418) 
would suggest that digestibility or absorption of fat is not markedly 
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affected in pigs as the digestibility averaged 88.7 percent for pigs fed 
RSB diets as compared with 90.0 percent for pigs fed SSBM diets and the 
difference was not significant. 
The reduced levels of free plasma amino acids in the pigs fed diets 
containing RSB reflect the reduced digestibility and support the theory 
that, in pigs at least, reduced digestibility is a major limiting factor 
in the utilization of the raw bean. The species differences in pancreatic 
hypertrophy and in the response to supplemental methionine suggests that 
factors other than antitrypsin may play a greater role in the reduction in 
performance of chicks and rats fed RSB diets. However, even in these 
species, it would not be surprising to observe a greater response to 
methionine in the presence of a factor inhibiting digestion since methio­
nine is the first limiting amino acid in soybean protein and a reduction 
in digestibility would merely aggravate the deficiency. 
Pelleting of Raw Soybeans 
Heating soybeans at 105 to 110 degrees centigrade for 30 minutes in 
the presence of moisture is sufficient to inactivate the growth inhibitors 
in the RSB. This inactivation is thought to be a result of denaturing of 
protein. The normal pelleting processes used in feed manufacturing employs 
steam heat and the temperature attained in the pelleting die is about 160 
degrees centigrade. Of course this does vary with the type of diet being 
pelleted and the speed of pelleting. Experiments 6509 and 6510 were con­
ducted to determine if the heat treatment provided by the pelleting pro­
cess is sufficient to inactivate the inhibitors. Pelleting whole beans or 
grinding the bean and then pelleting them was not sufficent heat treatment 
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to improve the nutritive value of the bean. Performance of pigs fed the 
pelleted beans was not improved as compared with the performance of pigs 
fed the untreated raw soybeans. Also the urease activity of the pelleted 
bean was equally as high as that of the unpelleted RSB. Though urease, at 
the levels present in soybeans, is not a growth inhibitor for pigs, it has 
been well documented that the inhibitors are inactivated at temperatures 
required for inactivation of the urease. Thus one would conclude that the 
temperatures attained and for the time involved in the pelleting process 
are inadequate heat treatment for soybean meal. 
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SUMMARY 
Fourteen experiments involving pigs, chicks and rats were used to 
investigate the inhibitory properties of raw soybeans. In this study the 
pig was the main research animal. Data from the pig experiments were com­
pared with data from chick and rat experiments and definite species 
differences were noted. 
Gains and feed efficiency were significantly greater for rats, chicks 
and pigs fed solvent soybean meal (SSBM) diets as compared with those fed 
raw soybean (RSB) diets. The growing pig (15 to 20 kg. body weight) can 
utilize diets containing RSB more efficiently than can the baby pig (4 to 
5 kg. body weight). 
There was no increase in proteolytic or lypolytic activity in the 
pancreas or intestinal content of growing pigs fed RSB diets as had been 
reported in the chick and rat by other investigators. However, in the 
baby pig there was evidence of a decreased lypolytic activity in the pan­
creatic tissue and intestinal contents of pigs fed RSB diets. 
The digestibility of protein by pigs was markedly lower in diets con­
taining RSB. The levels of free plasma amino acids was lower in pigs fed 
RSB diets again indicating the reduced digestibility or availability of 
the amino acids to the pigs. In pigs allowed feed ad libitum, the plasma 
amino acid levels of pigs fed SSBM was markedly higher than that of pigs 
fed RSB diets. Also after the feeding of a test meal, a marked increase 
was observed by three hours post feeding in plasma amino acids if pigs were 
fed SSBM diets. Very little response was noted from 3 to 12 hours post 
feeding in pigs fed RSB diets. 
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The addition of DL-methionine or the combination of DL-methionine, 
DL-valine and DL-threonine improved the performance of rats and chicks fed 
RSB diets; however, these amino acids had little or no effect on the per­
formance of pigs fed RSB diets. 
Pigs did not develop hypertrophy of the pancreas as did the chicks 
and rats fed RSB diets. Histological studies comparing pancreas tissue of 
pigs with rats showed that the only noticeable differences were in distor­
tion and cell density of the islets of Langerhans. The addition of DL-
methionine, DL-valine and DL-threonine to RSB diets fed rats did not reduce 
hypertrophy of the pancreas; however, these amino acids did reduce the size 
of pancreas of chicks fed RSB diets. 
Pelleting of diets containing RSB did not destroy the growth inhibi­
tory properties of the bean. Urease activity of the pelleted bean was 
equally as high as that of unpelleted RSB. 
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APPENDIX 







6405 - 6406 
6519 -




Ground yellow corn 42.10 41.40 28.80 27.50 
Ground raw soybeans 28.50 - - 42.00 
Solvent soybean meal (44%) 23.80 — 35.50 
Dried whey (70% Lactose) 15.00 15.00 15 .00 15.00 
Sucrose 10.00 10.00 10.00 10.00 
Soybean oil 5.40 — 7.70 
Vitamin - antibiotic premix^ 2.00 2,00 2.00 2.00 
Calcium carbonate 0.40 0.40 0.50 0.40 
Dicalcium phosphate 1.30 1.30 1.00 1.20 
Iodized salt 0.50 0.50 0.50 0.50 
Trace mineral mix^ 0.20 0.20 0.20 0.20 
Total^ 100.00 100.00 100.00 100.00 
^Composition given in Table 3. 
^Composition given in Table 5. 
^Calculated analyses given in Table 3. 
Table 2. Composition of basal rations 
Experiment 
Ingredients 6406 6615 
Ground yellow corn 10.90 8.37 28.05 26.65 
Ground raw soybeans 60.10 42,00 - -
Solvent soybean meal (44%) 51.23 — 35.50 
Dried whey (70% Lactose) 15.00 15.00 15 .00 15.00 
Sucrose 10.00 10.00 10.00 10.00 
Soybean oil 11.30 — 7.90 
Vitamin - antibiotic premix^ 2.00 2.00 2 .00 2.00 
Calcium carbonate 0,60 0.50 0.75 0.75 
Dicalcium phosphate 0.70 0.90 1.50 1.50 
Iodized salt 0.50 0.50 0.50 0.50 
Trace mineral mix^ 0.20 0.20 0.20 0.20 
Total^ 100.00 100.00 100,00 100,00 
^Composition given in Table 4. 
^Composition given in Table 5. 
^Calculated analyses•given in Table 4. 
Table 3. Calculated analyses and amounts of vitamins and antibiotics added per kilogram of complete 
ration^ 
Experiment 
6405-643 7-6508 6405-6406-643 7-65 1 0-6519 
Constituent 6509 -6613 6524-6530-6614-6616 
Protein, % 16.00 16.00 20,00 20.00 
Fat, % 7.09 7.16 9.14 9.00 
Fiber, % 2,52 2.74 2,86 3.21 
Calcium, % 0.71 0.70 0.70 0.70 
Phosphorous, % 0.62 0.60 0.61 0.61 
Vitamin: units/kg. Added Total Total Total Total 
Vitamin A, I.U. 3300 3300 3300 3300 3300 
Vitamin D2, I.U. 1093 1093 1093 1093 1093 
Riboflavin, mg. 8.8 14.0 13.9 14.1 14.1 
Pantothenic acid, mg. 17.6 29.5 29.5 30.3 30.3 
Niacin, mg. 39.6 56.5 56.5 56.8 56.5 
Choline, mg. 44.0 1340 1151 1669 1399 
Vitamin B^2, meg. 44.0 44.0 44.0 44.0 44.0 
Penicillin, mg. 18.3 18.3 18.3 18.3 18.3 
Streptomycin, mg. 91.5 91.5 91.5 91.5 91.5 
^Ethoxyquin added to all rations at 150 mg./kg. of feed. 
Table 4. Calculated analyses and amounts of vitamins and antibiotics added per kilogram of complete 
ration^ 
Experiment 
Constituent 6406 6615 
Protein, % 25.00 25.00 20.00 20.00 
Fat, % 11.91 11.94 9.13 9.16 
Fiber, % 3.32 3.84 2.86 3.19 
Calcium, % 0.71 0,71 0.92 0.90 
Phosphorous, % 0.61 0.60 0.70 0.66 
Vitamin: units/kg. Added Total Total Added Total Total 
Vitamin A, I.U. 3300 3300 3300 6600 6600 6600 
Vitamin I.U. 1093 1093 1093 - - — — - -
Vitamin D3, I.C.U. - - - - 800 800 800 
Riboflavin, mg. 8.8 14.4 14.3 8.8 14.2 14.1 
Pantothenic acid, mg. 17.6 31.4 31.4 17.6 30.3 30.3 
Niacin, mg. 39.6 56.8 56.6 39.6 56.6 56.4 
Choline, mg. 44.0 2108 1730 44.0 1568 1394 
Vitamin 3^2, meg. 44.0 44.0 44.0 ; 22.0 22.0 22.0 
Penicillin, mg. 18.3 18.3 18.3 18.3 18.3 18.3 
Streptomycin, mg. 91.5 91.5 91.5 91.5 91.5 91.5 
^Ethoxyquin added to all rations at 150 mg.kg. of feed. , 
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Levels in feed when 
added at 0.10% 
Mg./Ke. or P.P.M. 
Manganese 5.68 56.8 
Zinc 8.10 81.0 
Iron 7.00 70.0 
Copper 0.475 4.75 
Cobalt 0.166 1.66 
Potassium 0.750 7.5 
^Elements as the sulfate form. Calcium carbonate was used as the 
carrier. 
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Table 6. Experiments 6405 and 6437. Pooled summary of average total gain 
and feed required per unit of gain 
Protein level, % 16 16 20 20 
Source of protein RSB SSBM RSB SSBM 
Replication Avg. Total Gain, kg. 
1 22.7 23.6 21.3 25.0 
2 24.1 27.7 23.6 35.9 
3 23.6 34.0 17.7 33.1 
4 23.2 35.9 25.4 26.3 
5 25.0 28.6 25.9 26.8 
6 25.9 29.1 30.4 28.1 
7 17.7 32.2 22.7 • 34.5 
8 26.8 28.1 20.4 30.0 
9 19.1 29.1 22.7 27.7 
10 17.3 31.8 24.1 31.8 
11 20.9 25.0 19.1 29.1 
12 19.5 29.5 23.2 21.8 
13 33.6 31.8 26.8 30.9 
14 32.2 34.0 26.8 20.0 
15 40.4 39.5 36.8 26.3 
16 30.4 35.9 27.7 35.9 
Average 25.2 31.0 24.7 29.0 
Feed/Gain 
1 3.45 2.80 3.25 2.43 
2 3.17 2.82 3.27 2.41 
3 3.23 2.51 2.90 2.30 
4 3.34 2.50 2.87 2.54 
5 3.15 2.51. 3.16 2.44 
6 3.20 2.63 2.74 2.56 
7 3.04 2.49 3.14 2.60 
8 3.02 2.46 2.98 2.56 
Average 3.20 2.59 3.04 2.48 
Gain data on individual pig basis. Feed conversion represents the average 
for two pigs as the two pigs were fed from the same feed containers. 
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Table 7. Experiments 6405 and 6406. Pooled analysis of variance of aver-
age total gain 
Source of variation d. f. Mean squares 
Total 63 31.10 
Replication 15 44.87* 
Treatment 3 148.39** 
SSBM versus RSB 1 410.06** 
16% versus 20% protein 1 25.50 
Interaction 1 9.61 
Error 45 18.69 
^Significant effect at P = 0.05 or less. 
^^Significant effect at P = 0.01 or less. 
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Table 8. Experiments 6405 and 6437. Pooled analysis of variance of feed 
required per unit of gain 
Source of variation d. f. Mean squares 
Total 31 0.1132 
Replication 7 0.0277 
Treatment 3 0.9615** 
SSBM versus RSB 1 2.7320** 
16% versus 20% protein 1 0.1472* 
Interaction 1 0.0052 
Error 21 0.0206 
^Significant effect at P = 0.05 or less. 
^^Significant effect at P = 0.01 or less. 
} 
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Table 9. Experiments 6405 and 6437. Pooled summary of pancreas weight and 
proteolytic activity of pancreas and intestinal fluid (I.F.) 
Protein level, % 16 16 20 20 
Source of protein RSB SSBM RSB SSBM 
Replication Pancreas (Gm./Kg. Body weight) 
1 1.59 1.26 1.51 1.61 
2 1.41 1.36 1.42 1.75 
3 1.58 1.36 1.60 1.59 
4 1.56 1.46 1.31 1.63 
5 1.28 1.46 1.53 1.51 
6 1.63 1.81 1.64 1.75 
Average 1.51 1.45 1.50 1.64 
Proteolytic Activity of Pancreas (Mg. Act./Gm. Wet Tissue) 
1 35.00 8.62 2.55 3.30 
2 4.31 4.69 8.81 8.94 
3 6.50 5.56 6.31 7.56 
4 5.06 6.88 5.55 5.00 
5 10.24 12.45 4.56 4.70 
6 25.31 3.81 7.88 4.44 
Average 14.40 7.00 5.94 5.66 
Proteolytic Activity of I.F. (Mg. Act./Ml. I.F.) 
1 0.37 1.28 1.14 2.20 
2 0.10 1.77 0.30 0.10 
3 0.29 1.52 0.12 1.28 
4 0.50 1.12 0.65 0.32 
5 1.55 2.20 3.08 1.40 
6 2.74 0.98 0.39 1.88 
Average 0.92 1.48 0.95 1.20 
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Table 10. Experiments 6405 and 6437. Pooled analysis of variance of 
pancreas weight and proteolytic activity of pancreas and intes-
tinal fluid fl.F.) 
Mean Squares 
Pancreas weight Proteolytic activity 
Source of variation d.f. gm. per kg. body wt. pancreas I.F. 
Total 23 0, 0221 53 .0153 0.7395 
Replication 5 0, .0349 27 .1552 1.3323 
Treatment 3 0, .0388 102 .9359 0.4025 
SSBM versus RSB 1 0, .0100 88 .6657 0.9680 
16% versus 20% 
protein 1 0, ,0495 144 .2071 0.1014 
Interaction 1 0, .570 75 .9348 0.1380 
Error 15 0. ,0144 51 .6512 0,6134 
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Table 11. Experiments 6405 and 6437. Pooled summary of nitrogen content 
of pancreas and lipase activity of pancreas and intestinal fluid 
( I . F . )  
Protein level, % 16 16 20 20 
Source of protein RSB SSBM RSB SSBM 
Replication Nitrogen Content of Pancreas (% Wet Tissue) 
1 2.49 3.15 2.60 3.27 
2 3.18 3.32 2.73 3.05 
3 3.08 2.98 2.59 3.06 
4 2.42 3.12 2.92 3.29 
5 2.39 2.87 2.85 3.18 
6 2.74 2.95 2.58 3.04 
Average 2.72 3.06 2.71 3.15 
Lipase Activity of Pancreas (Meg. KOH/Gm. Wet Tissue) 
1 63.12 67.56 48.60 61.08 
2 60.48 62.04 66.00 59.88 
3 65 .64 64.32 62.64 64.08 
4 51.00 64.32 66.96 66.12 
5 48.00 47.64 53.40 49.68 
6 45.00 52.92 51.72 52.32 
Average 55.54 59.80 58.22 58.86 
Lipase Activity of I.F. (Meq. KOH/Ml. I.F.) 
1 1.38 4.80 8.22 6.54 
2 1.14 4.14 3.90 0.96 
3 5.16 5.19 0.99 3.93 
4 5.37 5.70 6.63 2.88 
5 4.08 3.18 2.79 3.81 
6 2.22 3.84 1.98 3.51 
Average 3.22 4.48 4.08 3.60 
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Table 12. Experiments 6405 and 6437. Pooled analysis of variance of 
nitrogen content of pancreas and lipase activity of pancreas 
and intestinal fluid (I.F.) 
Mean Squares 
Source of variation d.f. 
Nitrogen content Lipase activity 
% wet tissue pancreas I.F. 
Total 23 0.0802 54.8427 3.6137 
Replication 5 0.0337 161.2907** 5.1201 
Treatment 3 0.3151** 20.0710 1.7929 
SSBM versus RSB 1 0.9243** 36.0150 0.8893 
16% versus 20% 
protein 1 0.0092 4.5414 0.0001 
Interaction 1 0.0117 19.6566 4.4894 
Error 15 0.0487 26.3144 3.4757 
**Significant effect at P = 0.01 or less. 
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Table 13. Experiment 6406. Summary of average total gain and feed required 
per unit of gain 
Protein level, % 20 20 25 25 
Source of protein RSB SSBM RSB SSBM 
Replication Avg. Total Gain, kg. 
1 6.29 16.31 4.82 15.70 
2 3.70 14.90 4.50 17.59 
Average 4.99 15,60 4.66 16.64 
Feed/Gain 
1 3.52 1.87 3.45 1.63 
2 3.51 1.74 4.23 1.61 
Average 3.52 1.81 3.84 1.62 
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Table 14. Experiment 6406. Analysis of variance of avererage total gain 
Source of variation d. f. Mean squares 
Total 31 40.6964 
Outcome Group (O.G.) 7 10.0586 
Replication (Rep.) 1 2.9282 
O.G./Rep. 6 11.2471 
Treatment (Trt.) 3 341.8658** 
SSBM versus RSB 1 1020.8421** 
20% versus 25% protein 1 1.0153 
Interaction 1 3.7401 
Trt. X O.G. 21 7.8848 
Rep. X Trt. 3 7.2743 
O.G./Rep. X Trt. 18 7.9866 
**Significant effect at P = 0.01 or less. 
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Table 15. Experiment 6405. Analysis of variance of feed required per unit 
of gain 




SSBM versus RSB 












^^Significant effect at P = 0.01 or less. 
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Table 16. Experiment 6406. Summary of pancreas weight and proteolytic 
activity of pancreas and intestinal fluid CI.F.) 
Protein level, % 20 20 25 25 
Source of protein RSB SSBM RSB SSBM 
Replication Pancreas (Gm./Kg. Body Weight) 
1 1.55 2.10 1.73 2.25 
2 1.85 2.08 1.69 1.98 
Average 1.70 2.09 1.71 2.12 
Proteolytic Activity of Pancreas (Mg. Act./Gm. wet Tissue) 
1 3.69 4.31 2.50 3.62 
2 4.56 4.15 2.50 1.81 
Average 4.12 4.23 2.50 2.72 
Proteolytic Activity of I.F. (Meg. Act./Ml. I.F.) 
1 0.35 0.45 0.35 0.48 
2 0.16 0.39 0.30 0,64 
Average 0.26 0.42 0.32 0.56 
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Table 17. Experiment 6406. Analysis of variance of pancreas weight and 
proteolytic activity of pancreas and intestinal fluid CI.F.) 
Mean Squares 
Pancreas weight Proteolytic activity 
Source of variation d.f. sm. per kg. body wt pancreas I.F. 
Total 7 0.0570 1.0023 0.0198 
Replication 1 0.0001 0.1513 0.0024 
Treatment 3 0.1036 1.6624 0.0348 
SSBM versus RSB 1 0.3160* 0.0512 0.0800 
20% versus 25% 
protein 1 0.0006 4.9298 0.0220 
Interaction 1 0.0001 0.0061 0.0025 
Error 3 0.0275 0.6260 0.0105 
^Significant effect of P = 0.05 or less. 
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Table 18. Experiment 6406. Summary of nitrogen content of pancreas and 
lipase activity of pancreas and intestinal fluid (I.F.) 
Protein level, % 20 20 25 25 
Source of protein RSB SSBM RSB SSBM 
Replication Nitrogen Content of Pancreas (% Wet Tissue) 
1 2.67 3.11 2.53 3.24 
2 2.51 3.01 2.38 3.05 
Average 2.59 3.06 2.46 3.14 
Lipase Activity of Pancreas (Meg. KOH/Gm. Wet Tissue) 
1 37.08 48.24 23.16 53.64 
2 20.16 46.20 31.44 45.48 
Average 28.62 47.22 27.30 49.56 
Lipase Activity of I.F. (Meg. KOH/Ml. I.F.) 
1 1.86 2.70 0.66 3.06i 
2 0.60 2.58 1.02 3.09 
Average 1.23 2.64 0.84 3.08 
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Table 19. Experiment 6406. Analysis of variance of nitrogen content of 
pancreas and lipase activity of pancreas and intestinal fluid 
(I.F.) 
Mean Square 
Source of variation d.f. 
Nitrogen content Lipase activity 
% wet tissue pancreas I.F. 
Total 7 0.1065 150.6834 1.1215 
Replication 1 0.0450 44.3682 0.1225 
Tr eatment 3 0.2328** 280.6626 2.3281* 
SSBM vs. RSB 1 0.6728** 834.6798* 6.6430* 
20% vs. 25% 1 0.0013 0.5202 0.0010 
Interaction 1 0.0242** 6.6978 0.3403 
Error 3 0.0007 56.1426 0.2479 
*Significant effect at P 
**Significant effect at P 
= 0.05 or less. 
= 0.01 or less. 
Table 20. Experiment 6418. Composition of basal rations 
Protein Level, % 20 20 20 20 20 
Protein from RSB, % 100 75 50 25 0 
Protein from SSBM. % 0 25 50 75 100 
Ingredients : 
Ground yellow corn 28. 80 28. 47 28. 15 27. 84 27. 50 
Ground raw soybeans 42. 00 31. ,50 21. 00 10. 50 - -
Solvent soybean meal (44%) - - 8. 88 17. ,75 26. 62 35. 50 
Dried whey (70% Lactose) 15. 00 15. 00 15. ,00 15. ,00 15. 00 
Sucrose 9. ,75 9. ,75 9. ,75 9. 75 9. 75 
Soybean oil - •  1, .92 3. ,85 5. ,77 7. 70 
Vitamin-Antibiotic premix^ 2, ,00 2, 00 2. ,00 2, ,00 2, 00 
Calcium carbonate 0, .50 0 .48 0, .45 0, ,42 0. 40 
Dicalcium carbonate 1, .00 1 .05 1, .10 1, .15 1. 20 
Iodized salt 0 .50 0 .50 0, .50 0, .50 0. ,50 
Trace mineral mix^ 0 .20 0 .20 0 .20 0 .20 0. ,20 
Chromic oxide 0 .25 0 .25 0 .25 0 .25 0. ,25 
Total^ 100 .00 100 .00 100 .00 100 .00 100, ,00 
^Composition given in Table 21. 
^Composition given in Table 5. 
^Calculated analyses given in Table 21. 
Table 21. Experiment 6418. Calculated analyses and amounts of vitamins and antibiotics added per 
kilogram of complete ration^ 
Protein from RSB, % 100 75 50 25 0 
Protein from SSBM, % 0 25 50 75 100 
Ingredients : 
Protein, % 20.00 20.00 20.00 20.00 20,00 
Fat, % 9.14 9.10 9.07 9,03 9.00 
Fiber, % 2.86 2.95 3.04 3.13 3.21 
Calcium, % 0.70 0,70 0,70 0,70 0,70 
Phosphorous, % 0.61 0.61 0,61 0.61 0,61 
Vitamins; units/kg. Added Total Total Total Total Total 
Vitamin A, I.U. 3300 3300 3300 3300 3300 3300 
Vitamin D2, I.U. 1093 1093 1093 1093 1093 1093 
Riboflavin, mg. 8.8 14.1 14,2 14,1 14.1 14.1 
Pantothenic acid, mg. 17.6 30.3 30,3 30,4 30.5 30,3 
Niacin, mg. 39.6 56.8 56,8 56.6 56.5 56,5 
Choline, mg. 44.0 1669 1602 1533 1465 1399 
Vitamin meg. 44.0 44.0 44,0 44,0 44.0 44.0 
Penicillin, mg. 18.3 18.3 18,3 18,3 18.3 18.3 
Streptomycin, mg. 91.5 91.5 91.5 91,5 91.5 91.5 
^Ethoxyquin added to all rations at 150 mg./kg. of feed. 
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Table 22. Experiment 6418. Summary of average total gain and feed re-
quired per unit of gain 
Protein level, % 20 20 20 20 20 
Protein from RSB, % 100 75 50 25 0 
Protein from SSBM, % 0 25 50 75 100 
Replication Ave. Total Gain, kg. 
1 2.92 3.03 2.56 4.22 6.58 
2 2.54 2.20 3.60 5.00 5.26 
Average 2.73 2.62 3.08 4.61 5.92 
Feed/Gain 
1 3.02 3.18 4.18 2.14 1.59 
2 3.15 3.48 2.67 2.17 1.64 
Average 3.08 3.33 3.42 2.16 1.62 
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Table 23. Experiment 6418. Analysis of variance of average total gain 
Source of variation d.f. Mean squares 
Total 39 3.5839 
Outcome Group (O.G.) 7 2.3211 
Replication (Rep.) 1 0.2031 
O.G./Rep. 6 2.6741 
Treatment (Trt.) 4 16.4393** 
Linear 1 56.1628** 
Quadratic 1 8.7193* 
Remainder 2 0.4376 
O.G. X Trt. 28 2.0631 
^Significant effect at P= 0.05 or less. 
**Significant effect at P= 0.01 or less. 
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Table 24. Experiment 6418. Analysis of variance of feed required per unit 
of gain 
Source of variation d.f. Mean squares 
Total 9 0.6978 
Replication 1 0.1000 
Treatment 4 1.2713 
Linear 1 3.3866-
Quadratic 1 1.2306 
Remainder 2 0.2340 
Error 4 0.2738 
^Significant effect at P = 0.05 or less. 
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Table 25. Experiment 6418. Summary of apparent protein digestibility and 
apparent fat digestibility 
Protein level, % 20 20 20 20 20 
Protein from RSB, % 100 75 50 25 0 
Protein from SSBM, ; 0 25 50 75 100 
Replication Apparent Protein Digestibility 
1 53.74 64.04 69.49 67.12 82.14 
2 37.97 69.28 63.52 63.48 75.20 
Average 45.86 66.66 66.50 65.30 78.67 
Apparent Fat Digestibility (%) 
1 89.95 89.71 92.03 87.99 94.93 
2 87.53 90.85 90.68 91.84 85.50 
Average 88.74 90.28 91.36 89.92 89.96 
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Table 26. Experiment 6418. Analysis of variance of apparent protein 
digestibility and apparent fat digestibility 
Mean squares 
Protein Fat 
Source of variation d.f. digestibility (%) digestibility 
Total 9 144. 5675 6. 5298 
Replication 1 73. 3327 5. 9444 
Treatment 4 278. 8513* 1. 7488 
Linear 1 826. 1266** 0. 8694 
Quadratic 1 36. 2066 4. 3136 
Remainder 2 126. 5360 0. 9060 
Error 4 28. 3174 11. 4571 
^Significant effect at P = 0. .05 or less. 
^^Significant effect at P = 0, ,01 or less. 
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Table 27. Experiment 6508. Effect of raw soybean and solvent soybean 
meal diets on pancreatic tissue of pigs 
Zymogen Cell structure Islets of Langerhans, 
Source content of distortion and distortion and 
Pie # of protein acinar cells cell density cell density 
7717B RSB 2a 2 1 
7716S SSBM 1 4 2 
769 OB RSB 0 4 2 
7690S SSBM 1 4 0 
7704B RSB 1 3 2 
7706B SSBM 2 2 0 
7673B RSB 1 2 3 
7672B SSBM __2 _1 _1 
Totals RSB 4 11 8 
SSBM 6 11 3 
^ey: 0, 1, 2, 3 and 4 = None, slight, marked, definite or extreme 
distortion or changes in zymogen content or cell density. 
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Table 28. Experiment 6508. Summary of pancreas weight (gm. per kg. body 
weight) 
Protein level, % 16 16 
Source of protein RSB SSBM 





Average 1.58 1.76 
Table 29. Experiment 6509. Composition of basal rations 
Treatment 
Protein level, 16% 1 2 3 4 
Ingredients ; 
Ground yellow corn 41.40 42.10 42.10 42.10 
Ground raw soybeans - - 28.50 - -
Raw soybeans 
(Pelleted and ground) 28.50 - -
Raw soybeans 
(Ground, pelleted, reground) - - - - 28.50 
Solvent soybean meal (44%) 23.80 - -
Dried whey (70% Lactose) 15.00 15.00 15.00 15.00 
Sucrose 10.00 10.00 10.00 10.00 
Soybean oil ^ 5.40 - -
Vitamin - antibiotic premix 2.00 2.00 2.00 2.00 
Calcium carbonate 0.40 0.40 0.40 0,40 
Dicalcium phosphate 1.30 1.30 1.30 1.30 
Iodized salt 0.50 0.50 0.50 0.50 
Trace mineral mix 0.20 0.20 0.20 0,20 
Total^ 100.00 100.00 100,00 100,00 
^Composition given in Table 3 listed under 
^Composition given in Table 5. 
experiment 6509. 
^Calculated analyses given in Table 3 listed under experiment 6509. 
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Table 30. Experiment 6509. Summary of average total gain, feed required 







Replication Ave. Total Gain, ke 
1 36.4 34.7 31.2 28.8 
2 37.6 31.3 27.8 27.1 
Average 37.0 33.0 29.5 
Feed/Gain 
28.0 
1 2.64 3.04 3.52 3.80 
2 2.48 3.41 3.45 3 .72  
Average 2.56 3.22 3.48 
Urease Activity^ 
3.76 
1 0.00 0.51 0.39 0,52 
2 0.01 0.51 0,40 0.54 
Average 0.05 0.51 0.395 0.53 
^Meq. of ammonia released from 20 mg. of meal in 30 minutes at 40° C. 
The substrate consisted of 5 ml. of a 6 percent urea solution. 
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Table 31. Experiment 6509. Analysis of variance of average total gain 
Source of variation d.f. Mean squares 
Total 31 27 .24 
Outcome Groups (O.G.) 7 27 .22 
Replication (Rep.) 1 27 .56 
0.G./Rep. 6 27 .17 
Treatment (Trt.) 3 128 .67* 
SSBM versus others 1 279 .83* 
Ground RSB versus others pelleted 1 96 .90 
Pelleted, ground versus ground, 
pelleted, reground 1 9 .30 
O.G. X Trt. 21 12 .76 
Rep. X Trt. 3 9 .02 
O.G./Rep. X Trt. 18 13 .38 
^Significant effect at P = 0.05 or less 
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Table 32. Experiment 6509. Analysis of variance of feed required per unit 
of gain 




SSBM versus others 
Ground RSB versus others pelleted 













^Significant effect at P = 0.05 or less. 
^^ Significant effect at P = 0.01 or less. 
Table 33. Experiment 6510. Composition of basal rations 
Treatment 
Protein level, 20% 1 2 3 4 
Ingredients: 
Ground yellow corn 27.50 28.80 28.80 28.80 
Ground raw soybeans 42.00 — 
Raw soybeans 
(Pelleted and ground) 42 .00 - -
Raw soybeans 
(Ground, pelleted, reground) - - - - — 42.00 
Solvent soybean meal (44%) 35.50 — - -
Dried whey (70% Lactose) 15.00 15.00 15.00 15 .00 
Sucrose 10.00 10.00 10.00 10.00 
Soybean oil  ^ 7.70 — — 
Vitamin - antibiotic premix 2.00 2.00 2,00 2,00 
Calcium carbonate 0.40 0.50 0.50 0.50 
Dicalcium phosphate 1.20 1.00 1.00 1.00 
Iodized salt ^ 0.50 0.50 0.50 0.50 
Trace mineral mix 0.20 0.20 0.20 0.20 
Total^  100.00 100,00 100.00 100.00 
C^omposition given in Table 3 listed under experiment 6510. 
C^omposition given in Table 5. 
^Calculated analyses given in Table 3 listed under experiment 6510. 
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Table 34. Experiment 6510. Summary of average total gain and feed re­
quired per unit of eain 
SSBM RSB 
Pelleted Ground, Pelleted 
Ground Ground and Reground 
Replication Ave. Total Gain. kg. 
1 16.68 3.18 1.80 2.27 
2 13.45 3.69 3.74 3.92 
Average 15.06 3.44 2.77 3.10 
Feed/Gain 
1 1.74 4.45 9.66 5.80 
2 1.85 4.60 4.39 5.01 
Average 1.80 4.52 7.02 5.40 
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Table 35. Experiment 6510. Analysis of variance of average total gain 
Source of variation d.f. Mean squares 
Total 30 36.0566 
Outcome Groups (O.G.) 7 2.5046 
Replication (Rep.) 1 0.3698 
O.G./Rep 6 2.8604 
Treatment (Trt.) 3 287.0188* 
SSBM versus RSB 1 859.3263** 
Ground RSB versus pelleted 1 1.3268 
Pelleted, ground versus ground, 
pelleted, reground 1 0.4032 
O.G. X Trt. 20 10.1555 
Rep. X Trt. 3 11.3400 
O.G./Rep. X Trt. 17 9.9464 
*Significant effect at P = 0.05 or less. 
^^Significant effect at P = 0.01 or less. 
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Table 36. Experiment 6510. Analysis of variance of feed required per unit 
of gain 




SSBM versus RSB 
Ground RSB versus pelleted 











Error 3 3.3369 
124 
Table 37. Experiments 6519 and 6614. Pooled summary of average total 
gain and feed required per unit of gain 
Source of protein SSBM SSBM SSBM RSB RSB RSB 
Added methionine^  - + + - + + 
Added valine and threonine - - + - - + 
Replication Avg. Total Gain, kg. 
1 11.41 11.35 12.23 2.78 4.26 4.67 
2 7.77 7.66 7.89 2.16 2.55 3.52 
3 9.20 8.34 9.48 3.01 4.60 3.68 
4 8.46 8.04 7.60 1.94 3.30 0.98 
5 9.09 6.16 5.44 1.13 2.22 0.75 
6 5.90 7.79 5.50 1.87 2.33 1.42 
Average 8,64 8.22 8.02 2.15 3.21 2.50 
Feed/Gain 
1 1.53 1.47 1.45 4.16 3.35 2.52 
2 1.74 1.48 1.47 4.55 3.91 2.95 
3 1.65 1.67 1.65 3.47 2.85 3.77 
4 1.77 1.73 2.09 5.03 3.06 8.66 
5 18.5 1.77 2.20 6.21 3.14 9.77 
6 1.70 1.69 1.85 4.97 4.07 5.24 
Average 1.71 1.64 1.78 4.73 3.40 5.48 
M^ethionine, valine and threonine added at rate of 0.4 % of diet. 
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Table 38. Experiments 6519 and 6614. Pooled analysis of variance of aver-
age total gain 
Source of variation d.f. Mean squares 
Total 135 15.7624 
Outcome Group (O.G.) 23 19.8148** 
Replication (Rep.) 5 47.8488** 
O.G./Rep. 18 12.0276** 
Treatment (Trt.) 5 235.6898** 
SSBM versus RSB 1 1159.6862** 
Controls versus amino acids 1 0.2996 
Methionine versus methionine, valine 
and threonine 1 4.9459 
Interaction 2 6.7586 
O.G. X Trt. 107 4.6143 
Rep. X Trt. 25 4.0747 
O.G./Rep. X Trt. 82 4.7788 
**Significant effect at P = 0.01 or less. 
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Table 39. Experiments 6519 and 6614. Pooled analysis of variance of feed 
required per unit of gain 
Source of variation d.f. Mean squares 
Total 35 3.9513 
Replication 5 3.0223 
Treatment 5 17.1026** 
SSBM versus RSB 1 72.0235** 
Controls versus amino acids 1 0.1653 
Methionine versus methionine, valine 
and threonine 1 7.5152* 
Interaction 2 2.9044 
Error 25 1.5068 
S^ignificant effect at P 
**Significant effect at P 
= 0.05 or less. 
= 0.01 or less. 
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Table 40. Experiment 6613, 6614, 6615 and 6616. Summary of urease 
activity of soybean products used 
SSBM RSB 
Replication Urease activity^  
1 0.01 0.38 
2 0.01 0.37 
Average 0.01 0.375 
e^q. of ammonia released from 20 mg. of meal in 30 minutes at 40° C. 
The substrate consisted of a 6 percent urea solution. 
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Table 41. Experiment 6530. Suiraiary of two week gain, two week feed intake 









2 . 6 8  
2.50 
2 . 6 0  


















Test Meal Intake (gm./30 min.) 
114 45 
182 ' 45 
159 68 
152 53 
Table 42. Experiment 6530. Summary of free amino acids in blood plasma of baby pigs fed solvent soy-
bean meal diets or raw soybean meal diets 
Treatment Solvent Soybean Meal Raw Soybean Meal 
Hours 
Amino Acids^  




































































































































































Avg. 5.18 2.88 3.58 3.83 3.47 3.28 3.10 3,38 2.87 3.18 3.35 3,50 
&Mg./100 ml. of plasma. 
Table 42. (Continued) 
Treatments Solvent Soybean Meal Raw Soybean Meal 
Hours 
Amino Acids^  




































































































































































Avg. 8.93 8.69 6.94 8.05 7.69 7.69 6.28 8.34 7.02 7.54 7.59 8,33 
Table 42. (Continued) 
Treatments Solvent Soybean Meal 
Hours 
Amino Acids^  



























































































Avg. 0.32 0.34 0.43 0.41 0.33 0.37 
Raw Soybean Meal 
A.L. 0 3 6 9 12 
6.94 4, ,56 2.94 4.04 3. 93 2.69 
3.81 3, .16 3.99 3.67 3, .21 4.40 
5.61 5 ,30 5.61 4.38 4, .99 5.27 
5.45 4, .34 4.18 4.03 4 .04 4.12 
0 .75 _ _  0.73 0, .90 0.88 
0.52 0 .84 0.35 0.68 0 .42 0.86 
0,25 0 ,71 0,48 0,43 0, .58 0.71 
0,38 0 .77 0.42 0.61 0 .63 0.82 
3,90 2 .48 2.38 2.43 2 .45 2.58 
2,59 3 .16 2.95 3.01 2 .69 2.85 
2,52 3 .09 2.69 2.88 ? .98 2.87 
3,00 2 .91 2.67 2.77 2 .71 2.77 
0,20 0 .40 0.28 0.42 0 .46 0.54 
0,40 0 .49 0.49 0.46 0 .32 0.39 
0,26 0 .43 0.37 0,32 0 .41 0.44 
0.29 0 .44 0.38 0.40 0 .40 0,46 
Table 42. (Continued) 
Treatments Solvent Soybean Meal Raw Soybean Meal 
Hours A.L. 0 3 6 9 12 A.L. 0 3 6 9 12 
Amino Acid s ^ 
Isoleucine 
Rep. 1 3.74 1.93 2.71 2.13 1.68 1.54 2.63 1.81 1.48 1.78 1.81 1.84 
2 2.31 1.14 2.02 2.32 1.67 1.52 1.69 1.80 1.58 1.77 1.66 1.65 
3 2.00 1.72 2.89 2.44 1.63 1.67 1.48 1.77 1.43 1.68 1.90 1.82 
Avg. 2.68 1.60 2.54 2.30 1.66 1.58 1.93 1.79 1.50 1.74 1.79 1.77 
Leucine 
1 3.87 2.39 2.73 2.25 1.91 1.88 2.46 1.77 1.37 1.77 1.78 1.96 
2 2.55 1.43 2.33 2.45 1.86 1.86 2.14 2.51 2.05 2.20 1.95 1.85 
3 2.20 1.82 3.18 2.27 1.70 1.62 1.51 1.91 1.65 1.89 1.99 2.01 
Avg. 2.87 1.88 2.75 2.32 1.82 1.79 2.04 2.06 1.69 1.95 1.91 1.94 
Tyrosine 
1 2.98 0.87 2.56 1.86 1.25 0.84 2.19 0.94 0.85 0.99 1.04 1.09 
2 2.41 0.71 2.06 2.31 1.49 1.10 1.02 0.80 1.24 1.29 0,98 0,79 
3 1.81 0.99 2.68 2.39 1.39 0.93 1.08 1.31 1.09 1.28 1.22 1.27 
Avg. 2.40 0.86 2.43 2.19 1.38 0.96 1.43 1.02 1.06 1.19 1.08 1.05 
Phenylalanine 
1 1.89 1.58 2.83 1.64 1.17 1.09 1.73 1.20 1.15 1.39 1.38 1.43 
2 1.82 1.12 2.24 2.20 1.49 1.04 1.30 1.31 1.52 1.44 1.22 1.16 
3 1.45 1.21 2.56 1.72 2.48 0.98 1.36 1.52 1.36 1.52 1.64 1.65 
Avg. 1.72 1.30 2.54 1.85 1.71 1.04 1.46 1.34 1.34 1.45 1.41 1.41 
Table 42. (Continued) 
Treatments Solvent Soybean Meal 
Hour s 
Amino Acids^  




























































































Avg. 3.02 1.55 4.39 3.49 2.21 1.94 
Raw Soybean Meal 
A.L. 0 3 6 9 12 
3 .46 2 .12 2 .38 2 ,25 2, .04 1.95 
1 .17 1 .18 1 .44 1 .88 1, .21 1.04 
2 .48 2 .19 1 .85 2 .42 2 .73 2.19 
2 .37 1 .83 1 .89 2 ,18 1, .99 1.73 
2 .10 2 .78 2 .17 2 .77 3 ,00 2 . 7 3  
3 .54 3 .58 3 .29 3 .65 3 ,20 3.29 
1 .96 3 .95 3 .42 3 .34 3 ,51 3.14 
2 .53 3 .44 2 .96 3 .25 3 .24 3.05 
1 .59 1 .46 1 .21 1 .86 1 .86 1.66 
1 ,87 2 .17 1 .96 2 .09 1 .95 2.24 
1 .85 2 .10 1 .96 1 .98 2 .10 2.04 
1 .77 1 .91 1 .71 1 
00 
1 .97 1.98 
4 .96 2 .98 2 .74 2 .88 3 .07 2,50 
1 .92 2 .22 2 .84 1 .98 2 .03 1.85 
3 .63 2 . 36 2 .50 2 .77 2 .89 2.62 
3 .50 2 .52 2 .69 2 .54 2 .66 2.32 
Table 42. (Continued) 
Treatments Solvent Soybean Meal Raw Soybean Meal 
Hours A.L. 0 3 6 9 12 A.L. 0 3 6 9 12 
Amino Acids^ 
Tryptophan 
Rep. 1 1.30 0.51 1.31 0.88 0.56 0.56 0.77 0.53 0.54 0.94 0.67 0 .90 
2 1.33 0.68 1.34 1.40 1.00 0.85 0.82 0.96 0.60 1.08 0.90 0 ,88 
3 1.22 0.82 1.60 1.37 0.91 0.93 0.54 0.80 0.65 0.65 0.85 1 ,00 
Avg. 1.28 0.67 1.42 1.21 0.82 0.78 0.71 0.76 0.60 0.89 0.81 0 .93 
Total Amino Acids (21) 68.24 42.88 61.92 56.98 46.41 42.88 52.73 49.80 47.50 49.78 48.94 49 .23 
Ten Essential Amino 
Acids 29.01 17.18 29.44 25.19 19.02 17.12 21.97 21.65 19.87 21.61 21.35 21 .29 
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Table 43. Experiment 6530. Summary of amino acid composition of acid hydrolyzed feed samples (%) 
Protein level, % 20 20 
Source of protein SSBM RSB 
Sample 1 2 Ave .  1 2 Ave. 
Taurine 0, .50 0. ,28 0 .39 0, ,37 0, ,30 0 .33 
Aspartic Acid 2, .21 2. ,00 2 .11 2. ,31 2, ,3u 2 .30 
Threonine 0. ,84 0. ,79 0 .82 0, ,80 0, ,81 0 .81 
Serine 0, .95 0, ,93 0 .94 0. ,78 0. ,86 0 .82 
Glutamic Acid 3, .38 3, ,39 3 .38 3. ,66 4. ,05 3 .86 
Proline 0, .95 0, .96 0 .96 1, .22 0, ,89 1 . 06 
Glycine ' 0, .88 0. ,80 0 .84 0, .86 0. ,90 0 .88 
Alanine 0, .95 0. ,92 0 .94 1, .00 1, .02 1 .01 
Valine 1, .12 1, .03 1 .07 1, .10 1. ,12 1 .11 
Cystine 0, .20 0, .16 0 .18 0, .11 0, ,20 0 .16 
Methionine 0, .18 0, .28 0 .23 0 .28 0, .16 0 .22 
Isoleucine 1, .03 0, .94 0 .98 1, .02 1, .07 1 .05 
Leucine 1. 59 1, ,65 1 .62 1 ,  .70 1, .80 1 .75 
Tyrosine 0 .53 0, .60 0 .56 0, .60 0, .59 0 .60 
Phenylalanine 0, .92 0, .93 0 .92 1, .01 1, .01 1 .01 
Lysine 1, .22 1, .11 1 .16 1  .16 1, .32 1 .24 
Histidine 0, .58 0, .51 0 .55 0 .56 0, .59 0 .57 
Arginine 1 .30 1, .24 1 .27 1  .39 1  .36 1 .38 
Total 19 .33 18, .51 18 .92 19 .95 20  ,36 20 .16 
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Table 44. Experiments 6524 and 6616. Pooled summary of average total gain 
Source of protein SSBM SSBM SSBM RSB RSB RSB 
Added methionine^  - + + - + + 
Added valine and threonine - - + - - + 
Replication Avg. Total Gain, gm. 
1 175 222 200 170 229 211 
2 210 236 209 178 196 233 
3 194 162 142 140 202 190 
4 163 163 227 184 174 216 
5 196 175 218 175 193 172 
6 166 224 218 103 157 206 
7 151 190 214 188 191 214 
8 200 187 230 110 195 181 
9 228 220 205 184 184 194 
10 218 214 222 169 203 204 
11 195 205 176 153 184 160 
12 203 169 177 163 215 157 
13 194 205 151 141 174 196 
14 181 166 205 96 194 169 
15 205 189 199 176 189 162 
16 195 200 188 156 173 187 
17 183 206 219 170 199 219 
18 169 177 192 131 174 192 
19 164 193 223 144 164 190 
20 194 173 169 159 207 153 
Average 189 194 199 154 190 190 
^Methionine, valine and threonine added at rate of 0.4% of diet. 
137 
Table 45. Experiments 6524 and 6616. Pooled analysis of variance of 
average total gain 
Source of variation ; d. f. Mean squares 
Total 118 716 
Replication 19 836* 
Treatment 5 5083** 
SSBM versus RSB 1 7537** 
Controls versus amino acids 1 12255** 
Methionine versus methionine, valine 
and threonine 1 171 
Interaction 2 2726** 
Error 94 454 
*Significant effect at P 
**Significant effect at P 
= 0.04 or less. 
= 0.01 or less. 
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Table 46. Experiments 6524 and 6616. Pooled nummary of feed required 
per unit of gain 
Source of protein SSBM SSBM SSBM RSB RSB RSB 
Added methionine^  - + + - + + 
Added valine and threonine^ - - + - - + 
Replication Feed/Gain 
1 2.35 2.03 2.03 2.39 1.97 2.05 
2 2.11 2.25 1.99 2.32 2.15 1.25 
3 2.23 2.33 2.31 2.70 2.17 2.13 
4 2.48 2.46 2.07 2.57 2.44 2.19 
5 2.03 2.43 2.22 2.45 2.15 2.58 
6 2.26 2.18 2.21 3.24 2.50 2.18 
7 2.60 2.06 2.11 2.28 2.29 2.28 
8 2.24 2.18 2.28 2.67 2.04 2.30 
9 2.30 2.22 2.03 2.42 2.19 2.23 
10 2.41 2.25 2.18 2.38 2.07 2.62 
11 2.27 2.08 2.30 2.32 2.27 2.54 
12 2.10 2.15 2.12 2.48 2.26 2.55 
13 2.27 2.19 2.23 2.74 2.22 2.35 
14 2.16 2.18 2.09 2.94 2.49 2.47 
15 2.26 2.39 2.30 2.53 2.19 2.38 
16 2.39 2.24 2.18 2.56 2.74 2.44 
17 2.38 1.99 1.92 2.54 2.32 2.16 
18 2.62 2.49 2.54 3.60 2.21 2.40 
19 2.05 2.22 1.21 2.78 2.55 2.12 
20 2.31 2.18 2,62 2.42 2.24 3.03 
Average 2.29 2.22 2.15 2.62 2.27 2.31 
^Methionine, valine and threonine added at rate of 0.4% of diet. 
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Table 47. Experiments 6524 and 6616. Pooled analysis of variance of feed 
required per unit of gain 
Source of variation d.f. Mean squares 
Total 118 0.0833 
Replication 19 0.1058* 
Treatment 5 0.5179**% 
SSBM versus RSB 1 0.9684** 
Controls versus amino acids 1 1.2255** 
Methionine versus methionine, valine 
and threonine 1 0.0074 
Interaction 2 0.1940* 
Error 94 0.0556 
^Significant effect at P = 0.05 or less. 
-'^ Significant effect at P = 0.01 or less. 
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Table 48. Experiments 5524 and 6616. Pooled summary of pancreas weight 
(gm./lOO gm. body weight) 
Source of protein SSBM SSBM SSBM RSB RSB RSB 
Added methionine^  - + + - + + 
Added valine and threonine ] - + ] ] + 
Replication Pancreas Weight (Gm./lOO Gm. Body Weight) 
1 0.42 0 .36 0.28 0.66 0 .71 0 .35 
2 0.46 0 .35 0.39 0.62 0 .68 0, .73 
3 0.43 0 .38 0.19 0.54 0 .63 0, .60 
4 0.41 0 .37 0.39 0.55 0 .62 0, ,71 
5 0.47 0 .41 0.46 0.70 0 .68 0. 55 
6 0.59 0 .46 0.51 0.75 0 .63 0. 77 
7 0.43 0 .38 0.44 0.85 0 .69 0. 76 
8 0.42 0 .48 0.54 0.76 0 .66 0, .69 
9 0.52 0 .42 0.36 0.65 0 .69 0. ,62 
10 0.48 0, .51 0.45 0.63 0 .70 0, ,73 
Average 0.46 0, .41 0.40 0.67 0 .67 0. ,65 
M^ethionine, valine and threonine added at rate of 0.4% of diet. 
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Table 49. Experiments 6524 and 6616. Pooled analyses of variance of pan-
créas weight (gm./lOO sm. body weight) 
Source of variation d.f. Mean squares 
Total 59 0.0216 
Replication 9 0.0175** 
Treatment 5 0.1753** 
SSBM versus RSB 1 0.8520** 
Controls versus amino acids 1 0.0152 
Methionine versus methionine, valine 
and threonine 1 0.0021 
Interaction 2 0,0036 
Error 50 0.0048 
^^Significant effect at P = 0.01 or less. 
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Table 50. Experiment 6524. Effect of raw soybean and solvent soybean meal 
Rat Source Added Added Zymogen con­ Cell structure , Islets of 
# of methi­ methionine tent of distortion and Langerhans 
Protein onine® valine and acinar cells cell density distortion 
threonine^ and cell 
density 
1 SSBM - - lb 0 0 
2 SSBM + - 2 1 0 
3 SSBM + + 3 0 0 
4 RSB - - 1 0 0 
5 RSB + - 2+ 2 0 
6 RSB + + 1 1 0 
M^ethionine, valine and threonine added at rate of 0.4% of diet. 
K^ey: 0, 1, 2, 3 and 4 = None, slight, marked, definite or extreme 
distortion or changes in zymogen content or cell density. 
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Table 51. Experiment 6615. Summary of average total gain and feed 
quired per unit of gain 
re-
Source of protein 
Added methionine^  











Replication Ave. Total Gain, em. 
1 633 607 585 244 489 519 
2 654 589 607 328 407 457 
3 613 610 635 258 472 450 
4 580 619 600 291 487 513 
5 581 592 629 352 491 446 
Average 612 604 611 294 469 477 
Feed/Gain 
1 4.11 2.87 3.70 6.96 3.93 3.54 
2 2.79 2.86 2.88 5.98 4.11 3.60 
3 2.81 4.29 2.94 6.73 3.43 4.57 
4 2.85 3.73 2.98 5.86 3.26 3.37 
5 2.88 2.89 4.42 5.23 3.60 4.32 
Average 3.09 3.33 3.38 6.15 3.67 3.88 
M^ethionine, valine and threonine added at rate of 0.4% of diet. 
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Table 52. Experiment 6615. Analyses of variance of average total gain 
Source of variation d.f. Mean squares 
Total 280 18,960 
Replication (Rep.) 4 1,120 
Treatment (Trt.) 5 786,538** 
SSBM versus RSB 1 2,864,369** 
Controls versus amino acids 1 503,325** 
Methionine versus methionine, valine 
and threonine 1 3,058 
Interaction 2 280,970** 
Error 271 5,061 
Rep. X Trt. 20 12,316 
Sampling error 251 4,483 
**Significant effect at P = 0.01 or less. 
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Table 53. Experiment 6615. Analyses of variance of feed required per unit 
of gain 
Source of variation d. f. Mean squares 
Total 29 1.3884 
Replication 4 0.3322 
Treatment 5 6.3778** 
SSBM versus RSB 1 12.6620** 
Controls versus amino acids 1 7.4272** 
Methionine versus methionine, valine 
and threonine 1 0.0911 
Interaction 2 5.8544 
Error 20 0.3522 
^^Significant effect at P = 0.01 or less. 
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Table 54. Experiment 6615. Summary of pancreas weight (gm./lOO gm. body 
weight) 
Source of protein SSBM SSBM SSBM RSB RSB RSB 
Added methionine^  - + + - + + 
Added valine and threonine^ ] + ^^  + 
Replication Pancreas Weight (Gm./lOO Gm. Body Weight) 
1 0.26 0 .34 0.30 0, .70 0, .53 0.58 
2 0.23 0 .26 0.24 0, .76 0, 60 0.61 
3 0.32 0 .26 0.24 0, .74 0, ,54 0.58 
4 0.28 0 .28 0.29 0. 68 0. ,62 0.51 
5 0.27 0 .30 0.28 0. ,66 0. 61 0.65 
Average 0.27 0 .29 0.27 0. ,70 0. ,58 0.59 
M^ethionine, valine and threonine added at rate of 0.4% of diet. 
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Table 55. Experiment 6615. Analyses of variance of pancreas weight (gm./ 
100 gm. body weight) 
Source of variation d.f. Mean squares 
Total 59 0.0400 
Replication 4 0.0006 
Treatment 5 0.3814** 
SSBM versus RSB 1 1.8062** 
Controls versus amino acids 1 0.0410* 
Methionine versus methionine, valine 
and threonine 1 0.0004 
Interaction 2 0,0296 
Error 50 0.0090 
*Significant effect at P = 0.05 or less. 
^^Significant effect at P = 0.01 or less. 
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Table 56. Experiment 6613. Summary of average total gain and feed re-
quired per unit of gain 
Source of protein SSBM SSBM SSBM RSB RSB RSB 
0.2% methionine - + -
0.4% methionine % [ + - - + 
Replication Avg. Total Gain, kg. 
1 38 .1 37. 1 35.4 34 .4 33.0 30.4 
2 36, .4 36 ,3 35.3 28 .8 28.4 27.4 
3 35, .7 34, .5 35.2 30, .6 28.2 32.6 
Average 36, .8 36. ,0 35.3 31, .3 29.9 30.1 
Feed/Gain 
1 2.51 2.48 2.37 2.89 2.54 2.95 
2 2.62 2.50 2.42 3.06 2.90 2.95 
3 2.25 2.36 2.27 2.98 3.12 2.38 
Average 2.46 2.45 2.35 2.98 2.85 2.76 
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Table 57. Experiment 6613. Analysis of variance of average total gain 
Source of variation d.f. Mean squares 
Total 71 23.65 
Outcome Group (O.G.) 11 28.79 
Replication (Rep.) 2 44.80 
O.G./Rep. 9 25.23 
Treatment (Trt.) 5 117.45** 
SSBM versus RSB 1 560.57** 
Controls versus amino acids 1 23.52 
0.2% methionine versus 
0.4% methionine 1 0.52 
Interaction 2 1.31 
O.G. X Trt. 55 14.09 
Rep. X Trt. 10 11.46 
O.G./Rep. X Trt. 45 14.68 
^^ Significant effect at P = 0,01 or less. 
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Table 58. Experiment 6613. Analysis of variance of feed required per 
unit of gain 
Source of variation d. f. Mean squares 
Total 17 0.0867 
Replication 2 0.0510 
Treatment 5 0.1951* 
SSBM versus RSB 1 0.8845** 
Controls versus amino acids 1 0.0529 
0.2% methionine versus 0.4% 
methionine 1 0.0262 
Interaction 2 0.0060 
Error 10 0.396 
^Significant effect at P = 0.05 or less. 
••Significant effect at P = 0.01 or less. 
